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Want to save physics dropouts? Use a text that’s easier because it's better organized! 


PHYSICS—THE STORY OF ENERGY, 2nd ed. 
Brown and Schwachtgen 


Successfully used, widely adopted, and enthusiastically praised, PHYSICS— 
THE STORY OF ENERGY smoothes the initial steps of study by presenting 
simpler subject material first. The easier sections, sound and light, precede 
mechanics. The style is clear and direct; the non-science vocabulary is kept 
simple; explanations are lucid and thorough. Teacher’s Manual, Laboratory 
Manual, and Comprehensive Tests make up a complete, well-organized pro- 
gram. 


EARTH SCIENCE, 3rd ed. 
Fletcher and Wolfe 


A basal text for earth science. A supplementary text for general science. 
Your classes will like the treatment of the solar system, weather, climate, earth 
history, and conservation. EARTH SCIENCE is a strong, stimulating text, 
but easy to teach and easy to learn from, This Third Edition has been 
thoroughly revised, with a new attractive format and with many illustrations. 
Teacher’s Manual, Laboratory Manual, and Tests. 


D. C. HEATH AND COMPARY 
Publishers of Better Books for Better Teaching 


Sales Offices: New York 14, Chicago 16, San Francisco 5, Atlanta 3, Dallas 1 
Home Office: Boston 16 
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THE FINEST HIGH SCHOOL SCIENCE 
AND MATHEMATICS TEXTS 


SCIENCE IN EVERYDAY LIFE 
Obourn, Heiss, Montgomery 


Through student participation in hundreds 
of learning activities, this stimulating ninth 
year general science text helps students be- 
come familiar with scientific methods while 
experiencing the thrill of personal discovery. 
Students learn basic principles by solving 102 
short learning problems about common scien- 
tific phenomena that affect their daily lives. 
Complete program includes Workbook, Tests, 
and Teachers Guide. 


PHYSICS—A BASIC SCIENCE 
3rd Edition 
Burns, Verwiebe, Hazel, Van Hooft 


This challenging text, entirely revised and 
reset in 1954, explains basic physics principles 
through everyday applications with which 
students have had experience. Each of 83 
short topics presents a single basic principle. 
Over 1500 questions and almost 1000 prob- 
lems at topic and chapter ends. Complete 
program includes combined Laboratory 
Manual-W orkbook, Unit Tests, and Teachers 
Guide. 


MATHEMATICS FOR EVERYDAY LIVING Leonhardy, Ely 
EARTH SCIENCE—THE WORLD WE LIVE IN Namowitz, Stone 


CHEMISTRY—A COURSE FOR HIGH SCHOOLS Hogg, Alley, Bickel 
3rd Edition 


DYNAMIC PLANE GEOMETRY Skolnik, Hartley 

DYNAMIC SOLID GEOMETRY 

ALGEBRA IN EASY STEPS. Enlarged Edition Stein 
D. VAN NOSTRAND COMPANY, INC. 

120 Alexander Street Princeton, New Jersey 
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Wildly round our woodland quarters, 
Sad-voiced Autumn grieves ; 

Thickly down these swelling waters, 
Float his fallen leaves. 

Through the tall and naked timber, 
Column-like and old, 

Gleam the sunsets of November, 

From their skies of gold. 


— ‘The Lumberman.” 
John Greenleaf Whittier 
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The 1955 EDITION of 
MAKING SURE OF ARITHMETIC 


TAKES TWO... GIANT... STEPS 


New material for the pupil who New time-saving guides for the 
] forges ahead Doser teacher 
It's called “How Far Can You The teacher opens to today’s 


A Go In Arithmetic?’’—a special Alesson and sees: complete 


section to challenge the more 
able pupil. Grades 3-8. 

And this “How Far Can You 
Go ...?” material is carefully 
planned at each grade level to 
lead the bright pupil deeper in 
the study of arithmetic—rather 
than ahead of his classmates. 


TWO MORE REASONS 


pages from the pupils’ book... 
and (directly beneath them) all 
the teaching materials she's 
looking for. 

Everything the teacher needs... 
where she needs it... in each 
new Teacher's Edition for Mak- 
ing Sure of Arithmetic, Grades 
3-8. 


why MAKING SURE OF ARITHMETIC by Morton, Gray, Springstun, and 
Schaaf is today’s most successful arithmetic program. 
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Have You Seen 
the 1955-56 Edition of 
the CamboseO Order Book? 


If not, a complimentary copy is 


yours for the asking. 


You'll find it a helpful guide 
whenever you need apparatus, 
reagents or specimens, for Chem- 


istry, Physics or Biology. 


Your copy will be mailed, post- 
paid, immediately on receipt of 


your teaching address. 


CamboseO SCiENTIFIC COMPANY 


37 ANTWERP STREET, BRIGHTON STATION 
BOSTON, MASS., U.S.A. 
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School Science and Mathematics 


—a journal devoted to the improvement of teaching of the 
sciences and mathematics at all grade levels. 

—nine issues per year, reaching readers during each of the 
usual school months, September through May. 

—owned by The Central Association of Science and Mathe- 
matics Teachers, Inc., edited and managed by teachers. 


SUBSCRIPTIONS—$4.50 per year, nine issues, school year or calendar year. 
Foreign $5.00. No numbers published for July, August, September. 

BACK NUMBERS—available for purchase, more recent issues 75¢ per copy prepaid 
with order, Write for prices on complete annual volumes or sets. Consult annual 
index in December issues, or Educational Index to Periodicals, for listings of 
articles. 

The following interesting topics are discussed in issues of 1954: 
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lenge to Mathematics Teachers—Rainmaking; a Contemporary Science Problem 
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A completely NEW—Large 
Demonstration MICROMETER CALIPER 


Approximately 3 feet long when closed 
Designed especially for class or Lecture Table Demonstrations 


Ox 


No. 51 


Spindle and yoke of Aluminum 
Light Weight—I2 pounds 
Over-all Height 16!/2 inches 


The principle of the micrometer screw for making exact measurements may be more 
effectively taught to larger groups of students with the aid of this new demonstration 
caliper. The smallest graduation of the linear scale on the barrel corresponds to the 
advance of the spindle caused by one revolution of the thimble. Two such graduations 
constitute the unit of measurement indicated by the numerals. The edge of the thimble 
is divided into 50 parts, Each thimble division is therefore 1/50 of the pitch, or 1/100 
of the unit of measurement. The system therefore corresponds exactly to standard 
metric calipers having a half-millimeter pitch and reading to 0.01 mm, although the 
instrument is many times larger. 


No. 51. Demonstration Micrometer Caliper—Each $65.00 


Write for Circular 


W. M. Welch Scientific Company 


DIVISION OF W. M. WELCH MANUFACTURING COMPANY 
Established 1880 
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A CHALLENGE: SCIENCE FOR ALL RURAL YOUTH 


Joun H. 
4090 Gary Street, Eugene, Oregon 


Today is Tuesday: Lyle and Dan are out getting soil samples from 
the O-Bar-S Ranch .. . Mary is getting canned goods from the store 
for her experiment; Dick is already busy dissecting a fish . . . wonder 
how Dorothy is doing in the library—she is probably having difficulty 
finding information on the surface temperature of planets; Ron is 
still building the vibrograph down in the shop... Donna and 
Juanita are in the office giving each other a psychology test; Linda 
and Jacki are setting up their experiment in the fume hood. That 
takes care of everyone in Science II except Bob. 

“Mr. , I’m ready for that trial test on mechanics.” 

“O.K., Bob, bring the slide rule up and let’s see if you’re good 
enough to use it on this test.” 

Just one year ago there was no organized science program in this 
small rural school (population 160), a school size which is by no 
means unique. There are about 200 schools of this size in the State 
of Washington and an even larger number in Oregon, Utah, Idaho, 
and Montana: about 1500 such schools in the Great Pacific North- 
west—an area comprising almost one-fifth of the United States. 

No science was being taught in the grade school. Science in the high 
school was dependent upon the capabilities of the teachers and the 
limitations imposed by lack of pupil interest and by the absence of 
suitable apparatus. Because there was a constant turnover of teachers, 
the boys and girls never knew what science, if any, might be offered 
from one year to the next. One might, therefore, find seniors taking 
general science or freshmen taking physics. These courses were of the 


* Mr. Chilcott is a graduate student of the University of Oregon. 
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college preparatory type taught from a textbook yet the school was 
located at the foot of majestic Mt. Adams deep in the heart of the 
Pacific Northwest’s snow capped Cascade Mountains, an area which 
is one of America’s, if not the world’s, greatest natural laboratories. 

In this 100 square mile isolated valley the social and cultura] ac- 
tivities were limited almost entirely to those furnished by the school: 
a band concert, a senior play, or a dance. Farm journals, county 
newspapers and mail order catalogues comprised the reading ma- 
teria) of the majority of the natives. This was typical of the science 
dilemma to be found in an isolated rural school. 


Mr. ApAms, WASHINGTON 


In this day and age in which science has been made the tool of 
almost every layman, how can an inadequate program such as this 
possibly interest boys and girls in making use of science? Yet this 
was the challenge any science teacher accepted in this beautiful com- 
munity where indifference reigned not only to science but to educa- 
tion generally. There were only two or three college educated people 
(foresters, not permanently settled) in the community, aside from 
the teachers. 

The problem was to make science interesting and immediately 
useful. It was arbitrarily decided that these children would profit less 
from the study of the usual variety of detailed scientific processes 
than they would from a study of the role of science in serving their 
everyday needs and improving the standard of living in an agricul- 
tural and lumbering community. 
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The time for this interest in science to begin is when the child first 
enters school. Therefore, the first job was to encourage and to pro- 
vide for grade school science. It was found that science fitted into the 
present program with a minimum of difficulty and a maximum of 
interest. The biggest obstacle was the feeling of inadequacy on the 
part of the teachers in the teaching of elementary school science. 
This was overcome by first gaining the teachers’ interest in science, 
and then in helping them add to their knowledge through self study 
and the use of manuals which accompanied the various elementary 
science textbooks. These teachers were encouraged to make use of 
the more advanced material from the high school science library. 
Suitable materials for demonstrations and simple experiments were 
furnished by the high school laboratory. It was interesting to note 
that the following year the grade school children and teachers chose 
to spend their library money almost entirely on books related to sci- 
ence. 

It was decided to teach general science in the eighth grade. This 
was to culminate the grade school science program and to introduce 
high school science. General science was taught by the high school 
science teacher who made use of the high school science facilities. 
Included in this terminal introductory course in general science was 
a brief history of the development of science, an explanation of the 
scientific method, and the study of the effect of science on present 
day living. 

Another course called Science I, a course designed to meet the 
state requirement of one year of a laboratory science, was developed 
for grades nine and ten. This course included a unit which familiar- 
ized the student with laboratory materials and methods.’ It also at- 
tempted to develop proper scientific attitudes. Within this unit the 
students studied the care and use of the microscope, micrometer, 
vernier calipers, bunsen burner, and scales; methods of measurement 
such as the metric system; laboratory safety and first aid. For each 
section of the unit a group of exercises was outlined. As each group of 
exercises was completed, the pupil took a trial test to determine 
whether he understood what he was doing. Finally, when all the trial 
tests were completed he took a final test on the whole unit. Before 
being permitted to continue on to the next unit he had to pass this 
cumulative examination. It is implied that each student could pro- 
gress at his own rate under this system. This was valuable to the 
good students as well as to the poorer ones, since the better student 
could cover more material while the poorer student could realize 
some accomplishment without feeling left behind. 


! A second unit, physiology and health, might be required if health was not taught in the physical education 
program, 
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Upon completion of the required work, the remainder of the year 
was spent in investigating various units. These units were selected 
by the student during a conference with the teacher. The choice of 
units ranged from college preparatory physics to gardening, and was 
based on the particular student’s interests and abilities. For example, 
some students might elect to work on pre-college chemistry, while 
others could be working on units such as chemistry of the soil, chemis- 
try in the home, or chemicals in industry. They were all taking chem- 
istry but chemistry to meet their needs. In some cases units were 
built by the student and teacher to satisfy a specific interest. 

Science II, although not a required course, was similar to Science I 
in that the students continued to choose units according to their in- 
terests. Science II included second, third and fourth year science 
students. 

Both science I and II were offered each year, meeting in 100 minute 
periods three times weekly. These longer periods provided time for 
considerable laboratory activity as well as for supervised study. 
Most classes had only twelve students; making it possible to provide 
adequate individual attention. Individual discussion and explana- 
tion replaced more formal procedures. Some time was given to orien- 
tation before a student started a unit. Most pupils worked in pairs, 
but those whose interests did not coincide worked alone. Thus in a 
typical class period (Science II) one would find two students working 
on an experiment with an inclined plane (college-preparatory phys- 
ics); two students doing an electrolysis experiment (college-prepara- 
tory chemistry) ; two students dissecting a fish (animal kingdom) ; one 
student measuring the liquid contents of canned goods (chemistry in 
the home); two students determining the acidity of a soil sample 
(chemistry of ‘the soil); one student making a diagram of the differ- 
ent types of telescopes (astronomy); two students working in the 
health room (home nursing); and two students building a hot-bed 
(gardening). 

At once the inadequacy of materials and references was apparent. 
At first some units could not be fully explored, but in many cases 
available materials were substituted and suitable apparatus was 
built and added to the laboratory equipment. So obvious was this in- 
adequacy that the school board the following year purchased science 
furniture, laboratory apparatus, materials, texts, and source books. 
To provide for the greatest possible breadth of information for stu- 
dents and teachers, a wide sampling of textbooks was purchased in 
place of sets of textbooks. The library began to purchase current sci- 
ence publications. The students were encouraged to subscribe to 
science magazines through the school, at special low rates. 
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The advantages inherent in this program were many. Perhaps the 
most significant was provision for individual differences in interest 
and ability through the wide variety of science experiences offered 
and the methods of approach to science. The program was realistic, 
adjusted to the community, utilizing its natural laboratory and 
stimulating interest in science. Useful aspects of science were em- 
phasized, rather than theory. The flexibility both from the adminis- 
trator’s standpoint and that of the students—plus the adaptability 
to inadequacies of materials and equipment—were also major ad- 
vantages. 

The chief problem was finding a teacher to head the program. A 
teacher for this type of program must have a broad science back- 
ground, a willingness to learn with the students and the interest to 
work with grade school teachers. For Science I and II to be effective, 
the long class period was required. It is recognized that this could be 
an administrative disadvantage in some situations. 

But it worked! From the time a student entered the first grade, 
he became science conscious, not as another “subject”’ in school but 
as a part of his everyday life. The high school students began to en- 
joy fulfilling the State Requirement of one year of a laboratory 
science. Those few preparing for college found that they could ac- 
quire adequate science preparation. Every single student was able to 
find that science really could become a part of his own interests and 
plans. There is no blueprint for a universal successful science pro- 
gram for it must be built around the needs, interests, and facilities of 
the particular school and community. However, since a program in a 
small school can be analyzed more easily than a program in a larger 
more complex school, this account may provide other teachers with 
ideas of how to solve the problem: of providing science which rural 
youth can use. 


NEW COMET DISCOVERED NEAR POLE STAR 


A faint comet has been discovered by an amateur astronomer in the constella- 
tion of Draco, the dragon, a stellar group that circles the North Pole. 

The new comet was spotted by the Rev. Carl J. Renner of Castilia, Ohio, a 
member of the American Association of Variable Star Observers. Its magnitude 
is ten, too faint to be seen without a telescope. 

The part of the constellation Draco in which the comet was found is nearly 
overhead and is close to Ursa Minor, the smaller bear. Both constellations can 
be seen circling Polaris, the Pole Star, throughout the year. 

Its celestial position is 19 hours, 12.5 minutes in right ascension; 67 degrees, 
33 minutes in declination. 

Rev. Renner reported its motion as 5.6 minutes south southwest to Harvard 
College Observatory, clearing house for astronomical information in the Western 
Hemisphere. 


rx 


THE PLACE OF GEOMETRIC CONSTRUCTIONS 
IN PLANE GEOMETRY 


ApRIEN L. HEss 
Montana State College, Bozeman, Mont. 


INTRODUCTION 


Many writers have insisted that straightedge and compasses con- 
structions ‘be given an important place in plane geometry. Other 
writers have been equally insistent that constructions with straight- 
edge and compasses have no direct bearing on geometry as now 
taught or on the development of geometry in general, and that con- 
structions are not an essential part of a proof (1; 2; 3; 4; 6; 7; 8; 10; 
11; 12; 13; 14; 15). 

In this study an attempt is made to determine the place of con- 
structions in plane geometry. Fourteen recent plane geometry text- 
books were examined to determine whether the trend in textbook 
content is the same as reported by Freeman (5) in 1932. More par- 
ticularly, the proofs of the theorems were examined to determine 
what is the place of constructions in proofs of the theorems in these 
books. The exercises in twenty plane geometry achievement tests 
with copyright dates from 1925 to 1951 were examined to ascertain 
what use is made of straightedge and compasses constructions in 
these exercises. A questionnaire, containing selected questions and 
issues relative to straightedge and compasses constructions in plane 
geometry, was sent to 260 teachers who were members of The 
National Council of Teachers of Mathematics for 1952-53. The 
teachers were asked to check as many of the responses on the ques- 
tionnaire as necessary to give their opinion on the question or issue 
and, if necessary, they were to add statements to further explain 
their opinion. Replies were received from 131 teachers and the re- 
sponses were analyzed to determine the teachers’ reactions to the 
questions and issues. 


THe PLACE oF GEOMETRIC CONSTRUCTIONS IN 
FOURTEEN PLANE GEOMETRY TEXTBOOKS 


A careful study of the fourteen books reveals that straightedge and 
compasses constructions occupy an important place in all these text- 
books. Six of the books devote a chapter to constructions only, and 
seven of them devote a chapter to loci only. Two of the books include 
construction exercises in nine other chapters. In only one of the books 
is the use of tools other than the straightedge and compasses allowed 
for constructions. No reason is given in seven of these books for this 
restriction. In three of the remaining books the restriction is at- 
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tributed to Plato, in one it is stated that the restriction is imposed 
out of respect to the Greeks, in another it is stated that the theory 
of constructions is the chief concern and in two books constructions 
are based on postulates. 

Of a total of 5748 pages in the fourteen books, 591 pages or 10.3 
per cent are pages of constructions. The trend of a decrease, on a 
percentage basis, of constructions in plane geometry textbooks 
noted by Freeman in 1932 appears to be continuing in the more recent 
plane geometry textbooks. 

Fifty theorems in which constructions are used in the proof and 
which appear in seven or more of the fourteen books were selected. 
The proofs of these theorems were studied to ascertain the use made 
of the constructions in the proofs. Constructions which make the 
visualization of a figure or relationship clearer are called “Visual 
Aids.”’ Since Euclid postulated that: 

(1) A straight line may be drawn from any one point to any other point 

(2) A terminal straight line may be produced to any length in a straight line 


(3) A circle may be described from: any center, at any distance from that 
center, 


any such lines or circles are considered as existing whether drawn or 
not and are classified as “Visual Aids.’”’ When a construction is made 
in order that a definition may be used as a reason for a step in the 
proof, such a construction was classified as ‘‘Used as a Definition.” 
When a construction is made in order that a postulate, corollary or : 
theorem may be used as a reason for a step in a proof, it was classified 
as ‘Used as a Postulate, Corollary or Theorem.” A construction 
which demonstrates that a proposed relationship exists was classified 
as an “Existence Theorem.” 

Out of a possible 700 items, the category ‘“‘Used as Visual Aids” 
had a frequency of 484, the category “Used as a Definition” had a 
frequency of 22, the category “Used as an Existence Theorem” had 
a frequency of 22 and the category ‘‘Used as a Postulate, Corollary 
or Theorem” had a frequency of 18. Of these 546 frequencies almost 
89 per cent of the uses is classified as ‘Visual Aids.” 


THE PLACE OF GEOMETRIC CONSTRUCTION IN TWENTY PLANE 
GEOMETRY ACHIEVEMENT TESTS 


Of the twenty tests examined in this study sixteen are standardized 
tests. The total of the points on all the tests is 3109. If an exercise on 

a test was a construction for the student to do, it was classified as 
“Construction to Do.” A construction given for the student to ex- 

’ amine and then to designate the order of the steps in the construction 
or for the student to answer certain questions relating to the con- 
struction was classified as “Constructions to Examine.” A question 
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or exercise relating to tools permitted in constructions was classified 
as ‘Questions on Tools.” Any exercise or question that pertains to 
constructions but did not fall in the above categories was classified 
as “‘Questions referring to Constructions.’ Of the 3109 points on the 
twenty tests, 168 were “‘Constructions to Do,’’ 112 were “Construc- 
tions to Examine,” 34 were “Questions referring to Constructions” 
and 3 were “Questions on Tools.” This is a total of 327 points or 10.5 
per cent of the 3109 points. This result is larger than the 8.5 per cent 
reported by Pickett (9) in 1938. 


RESPONSES OF 131 TEACHERS TO CERTAIN SELECTED 
QUESTIONS AND IssuES 


Of the 260 questionnaires sent out 131 or slightly more than 50 
per cent were returned. Ninety-three teachers or 71 per cent wished 
to restrict constructions in plane geometry to those possible with 
straightedge and compasses. Regarding the reason for restricting 
constructions to those possible with these tools 68 teachers or almost 
52 per cent were of the opinion that in geometry one is concerned 
with the theory of constructions and 72 teachers or 55 per cent were 
of the opinion that constructions are essential in the logical develop- 
ment of many proofs. Ninety-one teachers or almost 70 per cent 
wished to use constructions to familiarize students with terms, 
definitions, tools, etc., before formal proofs are introduced, and 77 
teachers or almost 59 per cent wished to use constructions as an 
intuitive approach to geometry before formal proofs are introduced. 
When considering the possible purposes of constructions in the proofs 
of theorems in plane geometry 89 teachers or almost 69 per cent 
regarded constructions as visual aids in proofs and 85 teachers or 
almost 65 per cent considered constructions as an integral part of 
many logical proofs. 


CONCLUSIONS ABOUT THE PLACE OF CONSTRUCTIONS IN 
PLANE GEOMETRY 


The results of the examination of the fourteen geometry textbooks 
led to the conclusion that constructions occupy an important place in 
plane geometry. Constructions provide an excellent means of ap- 
proach to demonstrative geometry and enable the student to become 
familiar with the concepts of geometry from a concrete basis. Con- 
structions are included in several chapters in many of the books and 
this is approved by a majority of the teachers who responded to the 
questionnaire. 

Constructions in plane geometry are restricted to those possible 
with a straightedge and compasses in thirteen of the books examined, 
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and a majority of the teachers who responded to the questionnaire 
concurred in this restriction. There is a considerable diversity of 
opinion among textbook writers and teachers as to why these restric- 
tions should be maintained. 

Although there is great emphasis on construction exercises in all 
of the geometry books studied, the percentage of construction exer- 
cises is less than what Freeman reported in 1932. 

The study of twenty achievement tests indicates that there is at 
least as much emphasis on constructions in geometry tests as Pickett 
found in 1938. In some tests great emphasis is placed on the use of 
constructions, while in others the topic is omitted entirely. 

From the results of the study of the use of constructions in geo- 
metric proofs in fourteen selected geometry textbooks it may be 
concluded that constructions have little use in the logical proofs of 
theorems in these books. This is in accord with the opinion of many 
writers, but is counter to the opinion expressed by a majority of the 
131 teachers responding to the questionnaire. 


IMPLICATIONS OF THE STUDY 


There is an apparent disagreement among authors and among 
teachers regarding the place of constructions in plane geometry. The 
results of this study indicate that a selected group of teachers in the 
secondary school do not agree on the relationship of constructions to 
the proof of theorems. This suggests a needed emphasis in teacher 
education programs. 

This study raises some questions which could be the subject of 
research by capable and interested secondary school teachers and by 
graduate students in mathematics education. Some of these questions 


are: 


(a) What change in the attitude of students toward plane geometry would 
result if construction work were reduced or eliminated? 

(b) What would be the advantages and disadvantages for the study of plane 
geometry if tools other than the straightedge and compasses were per- 
mitted in constructions, or if the tools of construction were further limited? 

(c) What changes need be made in present teacher education programs in 
order that teachers may become aware of the proper place of constructions 
in plane geometry? 

(d) If the questionnaire used in this study were sent to a number of teachers 
who are not members of the National Council of Teachers of Mathematics, 
would the responses to the questions on the questionnaire differ significant- 
ly from the responses of 131 teachers who were members of the Council? 
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A GRANT FOR CANCER RESEARCH 


A grant of $100,000 for cancer research was accepted from the American Can- 
cer Society by the University of Wisconsin regents. 

Termed an institutional grant because it is given to the University for alloca- 
tion, not to individual scientists for specific projects, the fund is to be used to 
make exploratory studies in promising fields and to open new vistas in cancer 
research. 

Most grants given for University research are on a grant-in-aid basis. They 
are earmarked for a specific project by an established scientist. 

Institutional grants are a new method of providing fluid research funds which 
can be used to follow new avenues of approach and make pioneer studies. 

This is the fourth year an institutional grant for cancer work has been received 
by the University of Wisconsin from the American Cancer Society. The $100,000 
fund is the largest to date. 

Some $33,000 will be used by scientists in the University’s McArdle Memorial 
Laboratory for Cancer Research. The remainder will be used by other University 
scientists in many different departments whose work has a bearing on the prob- 
lems of cancerous growth. 

Among projects to be supported are those concerned with the chemical com- 
position of cells and cell particles, new methods of locating early cancers, trials of 
chemicals that might halt cancer, enzyme studies, studies of the origin of cancer 
in connection with protein and enzyme changes, chemicals that block cell growth, 
and analysis of nucleic acids that are cell constituents vital to cell growth. 

Dr. Harold P. Rusch, director of the McArdle laboratory and chairman of the 
committee that allocates the American Cancer Society grant, points out that 
“institutional grants are large enough to enable scientists to explore new ideas 
and to do exploratory work in unknown areas that have not Lovdiapel to an 
extent where the grant-in-aid type of support is justified.” 
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SOME MIRROR TRIGONOMETRY 


WILLIAM R. RANSOM 
Tufts College 


To produce a “‘flat,”’ three pieces are used: A is rubbed on B slid- 
ing and twisting this way and that, then B on C, then C on A, etc., 
etc.: when all three fit perfectly their surfaces are planes. When only 
two surfaces are rubbed in this way, the result is spherical. This is 
the way the amateur goes about making the concave mirror for a 
telescope. Some interesting trigenometry is connected with this pro- 
cess. 

A spherical mirror has some disadvantages. What is called “‘spher- 
ical aberration” comes from the fact that a sphere has no true focus. 


Fic. 1 Fic, 2 


A ray parallel to the axis of a spherical mirror (see figure 1) at a 
distance R cos a from the axis is reflected through a point at a 
distance (R/2)+sin a from the sphere center. For very small 6, this 
locates a point practically half way from the mirror to its center, and 
this point is called the focus of the mirror. However, if the width of 
the mirror is 2R cos a, some of the rays strike the axis at a distance 
}R(csc a—1) beyond this “focus.” If 8 is 2.6°, this distance amounts 
to only 0.1 per cent of the “focal distance,” R/2. 

But greater accuracy than this is desirable, and so after grinding 
the mirror down to a circular section, it is worked a little more to 
make the section a parabola, which has a true focus for parallel rays. 
To convert to the parabolic section, it is easier to do something in the 
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middle than to work around the edge. The curvature at the edge 
is retained: that is, the same tangent there is kept. Figure 2 shows 
how this is. 

If the width of the mirror is W=2(DA), the radius of the sphere 
will be R=OA =(W/2) +sin 8, and the depth of the spherical mirror 
will be DC=(DA) tan (8/2)=(W/2) tan (8/2). The tanget to the 
circle at A is perpendicular to the radius OA, and cuts the axis at T, 
so DT=(W/2) tan 6. The parabola whose tangent is AT has its 
vertex at the mid-point of DT, at P: so the depth of the parabolic 
mirror is DP=4DA tan B=(W/4) tan 8. 

To show that P is deeper than C, examine DP—DC=(W/4) tan 
B—(W/2) tan (8/2) =(W/4)(tan 8—2 tan $8). For a small angle like 
8 the tables give the same number for tan 6 and 2 tan 46, and it is 
necessary to transform their difference to get a formula we can com- 
pute from. By means of the formula tan $8=(1-cos 8)/(1+-cos 8) the 
expansion tan (8 radians) = 6(1+6?/3+26'/15+ ...), we can get 
several different forms: for example, 2-tan $8-sin® (48)-sec 8, or 
2-sin* ($8) -sec (48) -sec 8, or tan 8: tan? (48), or if 8 is expressed in 
radians, simply §*/*. The 6° is an approximation, but the higher powers 
will not affect the significant figures we can get from this third power. 
These expressions show that DP—DC is certainly positive, so it is 
clear that the mirror must be deepened at the middle to change it 
from spherical to parabolic form. 

Let us consider an 8 inch mirror with a focal length of about 5 feet, 
60 inches. The focus of the parabola is at a distance (W/4) cot 8 from 
its vertex, and 2 cot 8=60 gives 8=1.909°. We may as well take 
B= 2°. This will make the radius of the sphere 114.6 inches, the focal 
length of the parabola will be 57.28 inches. The depth of the parabola 
will be 0.06984 inches, and the difference, DC— DP will be 1/50,000 
inch. 


NAVY TO TEST LENS-LESS GOGGLES 


The Navy, borrowing an Eskimo secret, will test goggles without lenses in the 
Antarctic this fall during Operation Deep Freeze. 

Conventional goggles, use to protect the eyes from severe cold and wind, fog 
up rapidly and interfere with good vision. 

The new goggles are transparent plastic-kidney-shaped cylinders fitted to a 
foam rubber frame. The cylinder circles the eyes and projects forward, shielding 
the eyes from glare. Although the cylinder is open at its front end, the still air 
within the cylinder deflects the wind. The goggles were developed from the 
Eskimo practice of cutting star shaped slits in goggles carved in whalebone. New 
cold weather clothing will also be tested in Operation Deep Freeze. The clothing 
is designed to keep a man afloat indefinitely. 

The cold weather clothing has an outer waterproof shell, lined with perforated 
plastic foam that will not absorb water. 
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HOW TO CHOOSE A TEXTBOOK 


Davin REEVE 
Teachers College, Columbia University, New York 27, N. Y. 


CRITERIA TO BE UsED 


Textbooks in general. One of the most important things a teacher 
needs to consider is the choice of a textbook. This is far more im- 
portant than many teachers realize. Little care is shown in many 
schools in this respect and the students pay the penalty, because 
the choice of a textbook is something in which the students are vi- 
tally concerned. No particular textbook can be said to exhibit all the 
virtues, but there is coming to be a class of books, well constructed 
and modern in spirit, to which the intelligent teacher can turn if he 
has a fair set of criteria for making a choice and if, as is often not the 
case, he is permitted to choose his own text. 

Because it is in the study of algebra that the student usually begins 
to appreciate a well-ordered sequence of topics, I will discuss the 
matter of choosing a textbook in algebra. What I say upon the criteria 
for judging a textbook in algebra, however, will apply with slight 
modifications to a geometry,’ to books upon general mathematics, 
and to those texts which are prepared solely for the three years of the 
junior high school. I shall, therefore, assume that teachers will read 
this article with a view to its application to textbooks in general. 

Points to be observed in choosing an algebra. No one would think of 
asserting that one person is just as good as another to select as a 
friend, and the comparison is not at all far-fetched when we say that 
it is equally true that not every textbook is just as good as any other. 

The choice is not one that interests the teacher alone, for upon it 
rests not only the welfare of the students but, so far as they are con- 
cerned, the very existence of algebra. The list of points to be observed 
in the choice of a textbook, as set forth below, relates not to the 
merits of any special book but to a growing class of books which are 
modern in spirit and worthy in their construction. It is the result of 
the combined judgments of a large number of experienced teachers 
(who were my students) and may therefore be looked upon as at least 
fairly authoritative and representative. 

General considerations. There are certain general considerations 
that enter into the choice of any textbook. These are: 

1. The purpose of the book. Under the head of purpose the following 
questions arise: 

a. Are the author’s aim and particular point of view definitely set 
forth in the preface? 


) See Mensenkamp, L. E. “Some Desirable Characteristics in a Modern Plane Geometry Text,” Fifth Year- 
book, National Council of Teachers of Mathematics, The Teaching of Geometry, 19.0, pp, 199-206. 
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b. If so, does the aim conform to the judgment of scholarly writers 
of the present time,—those who lead student teachers to impart a 
knowledge of sound mathematics in the most approved manner? 

c. Does the book reveal clearly the purpose of the particular sub- 
ject treated, thus giving to the student an appreciation of its im- 
portance in the lives of people in general? 

d. Does the table of contents show a well-ordered sequence of 
topics, psychologically planned and so arranged as to show the 
significance of the work as a whole? 

2. The realization of the author's purpose. To ascertain whether or 
not the author has realized his purpose, it is well to ask oneself these 
questions: 

a. Is the author’s aim, as set forth, realizable in practical teaching? 
An aim may be too high to allow of hitting the mark, or it may be too 
low, or it may be wholly lacking in accuracy. 

b. Does the book reveal to the student the nature of the subject ?— 
Does it make clear its importance, and its interesting features? 

c. Is the book so constructed that it reveals the purpose of the 
subject in such a way as to give some assurance that the student will 
realize this purpose and will be inspired thereby to put forth his best 
efforts in his study of the subject? 

3. Subject matter. It is exceedingly important that the nature of the 
subject matter be carefully scrutinized. This does not mean the mere 
counting of exercises or of problems,—e very crude way of reaching 
any conclusion whatsoever. It lies rather in considering the bases of 
selection of the material, and this is revealed by such questions as 
the following: 

a. Are the recommendations of recent national studies and reports 
followed with respect to the vital topics to be considered? For ex- 
ample, with respect to algebra the report of the Joint Commission on 
‘The Place of Mathematics in Modern Education” recommends the 
formula, equations, graphs, directed numbers, and numerical trig- 
onometry as the topics of greatest importance. 

b. Does the book emphasize these topics or does it contain merely 
the inherited material relating to operations or propositions that are 
no longer looked upon as essential? 

c. Is the material related to the real needs of people? For example, 
are the formulas such as the student will need in reading books on 
elementary science, on the making of a radio set, or on ordinary busi- 
ness practice? In other words, is the material socialized as much as is 
reasonably possible? 

d. Does the material give evidence of having been tested in the 
classroom, either by the author or under his direction? 

e. Has the material been chosen after a careful consideration of the 
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relative value of the several topics? For example, has the author un- 
duly emphasized the four operations with abstract expressions,—a 
line of work of very little value; or has he given relatively more atten- 
tion to such an important topic as the interpretation of the meaning 
of graphs? 

f. Are the main topics made interesting and full of meaning by the 
inclusion of helpful details? For example, has the chapter on numer- 
ical trigonometry been so presented as a part of algebra that the 
student sees it develop from the ancient method of shadow reckoning, 
and gains some slight idea of the way in which great distances are 
measured? 

g. Using modern accepted objectives in the teaching of algebra as a 
guide, do you find that all obsolete and useless material has been 
omitted so far as present conditions allow? Such unimportant 
material includes traaditional work that is not used in modern science 
and industry or in some part of advanced mathematics that is itself 
valuable. 

h. Is the material so selected as to provide for a sufficient number 
of exercises to meet the needs of all types of students? In other words 
are the individual differences of students and of groups sufficiently 
provided for through an abundance of material of a kind that can 
be fully justified? 

i. In the selection of material, is a proper balance maintained be- 
tween the concrete and the abstract? For example, a book that has 
five hundred examples in the relatively unimportant subject of 
factoring, without a single genuine use of the topic, is wanting in 
balance. Similarly, a book that has four or five thousand abstract 
examples, with substantially no genuine applications, is hopeless. 
Mechanical efficiency has very slight value unless someone is going 
to use it somewhere and sometime. 

j. Are the topics limited in the selection of material, so as to present 
the most important ones, treating these intensively? 

k. Do the illustrative examples offer models which you would wish 
your students to follow in their written work? 

4. Arrangement of material. After the appropriate material has been 
selected, there arises the necessity for arranging it to the best advan- 
tage for teaching. The following questions should therefore be con- 
sidered: 

a. Is the book made up of a series of unrelated chapters, seemingly 
without any connection; or is there a unifying principle that is in- 
creasingly apparent as the student proceeds? For example, is the 
dependence of one quantity upon another (the idea of functional 
relationship) made sufficiently prominent in the study of the formula, 
the graph, the equation, ratio, proportion, and variation? 
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b. Are the topics arranged according to a psychological sequence 
rather than merely a logical one? 

c. Does the book follow the modern arrangement of topics, so that 
the most interesting and most frequently used ones come first and 
more abstract and less frequently used ones come later? 

d. Is the material cumulative in arrangement, each part in general 
being used in what follows? This need not interfere with arranging 
certain minor details with a view to their omission with out destroy- 
ing the main sequence. 

e. Is the material so arranged that each type of difficulty is in- 
troduced, on the principle of “one major difficulty at a time’’? 

f. Is each new topic followed immediately by carefully graded 
exercises, sufficient in number for the purpose of fixing the principle, 
but not so numerous as to become more routine material for keeping 
students busy? 

g. Are the necessary definitions introduced when and only when 
the need for them is felt? 

5. Method of treatment. Having considered the material and its ar- 
rangement, the method of treatment demands such attention as is 
suggested by the following questions: 

, 4. Is provision made for the gradual learning of terms and proc- 
esses, so that no avoidable congestion of difficulties shall occur at 
any one time? 

b. Is the equation made subsidiary in importance to the formula? 
The student should see that the chief use of the equation is to enhance 
his ability to handle any kind of formula that he will meet with in 
science, in commercial mathematics, in measurement, or in advanced 
mathematics. 

c. Does the book provide for a simpler treatment of certain tradi- 
tional topics than was formerly the case? This question refers to such 
matters as the use of parentheses, simultaneous equations, the 
quadratic equation, factoring, fractions, and especially the four 
fundamental operations. 

d. Is the checking of all work emphasized and thoroughly ex- 
plained? 

e. Is provision made, through correlation, generalization, and 
application, for transfer of abilities to other subjects and from topic 
to topic? 

f. Do the explanations foster the ability to read the book under- 
standingly? 

g. Is the language of the book so simple as to be understood easily 
by the reader? Are the explanations stated in words and sentences 
that are readily comprehended? 
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h. Is the significance of the work rather than mechanical skill in 
unimportant operations comprehended? 

i. Is the student led to see a worthy reason for each new topic? 
In pedgogical language, is the material well motivated? 

Special features. Besides the general considerations that enter into 
the evaluation of a textbook, there are certain special features that 
demand attention. These are as follows: 

1. Applied problems. The nature of applications demands the con- 
sideration of the following questions: 

a. Are the applied problems as useful as possible, considering the 
student’s limited knowledge of science, industry, and commerce? 

b. Are these problems sufficiently numerous to emphasize the 
practical side of the subject under consideration, and is their impor- 
tance in this regard duly emphasized? 

c. Does the book recognize that problems may be genuine, in that 
they may be necessary in astronomy or in chemistry, and yet not 
seem real to the student at his present stage of advancement? 

d. Does the book also recognize that a problem, say of the puzzle 
variety, may be very interesting to the student,’ leading him to 
acquire the technique of solution, and still be not at all genuine and 
possibly be uninteresting to the teacher? 

e. Are the problems clearly stated, so that there shall be no 
linguistic difficulties in addition to those of a mathematical nature? 

f. Are the problems selected so as to afford plenty of variety and 
are they graded so that the student will approach the difficulties 
gradually? 

g. Do the problems stimulate thought? For example, do they lead 
the student to consider whether more than one solution is possible, 
whether or not any solution is possible, and whether any change in 
statement leads to special solutions of particular interest? To take a 
simple illustration, the study of the family of problems included in 
the general case of finding two numbers whose sum is m offers an 
interesting range of possibilities such as the following: 

(1) Suppose that the numbers are consecutive and n=9. 

(2) Suppose that they are consecutive numbers and n=12. 

(3) In each of the preceding cases, suppose that n= 15. 

(4) Suppose that one number is —24, or 0, or 11, or 17, and that 
n=15. 

(5) Suppose that »=0 and that the numbers are both positive, are 
both negative, or are equal but have opposite signs. 

h. Do the applied problems provide for the brilliant as well as for 
the dull student; for the rapid as well as for the slow student? 


* Powell, J. H. A Study of Problem Material in High School Algebra, Bureau of Publications, Teachers College, 
Columbia University, New York, 1929, 
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2. Reviews. In no subject is a student expected to keep in mind all 
that he has learned. To provide for retaining the essentials it is 
necessary that a textbook should contain a reasonable number of 
carefully selected reviews. A satisfactory test of the book, with 
respect to this feature, is provided in the following list of questions: 

a. Is there sufficient number of reviews of the right kind? 

b. Do these reviews emphasize the fundamental parts of each unit 
of work? 

c. Are the reviews properly placed? 

d. Do the reviews encourage the student to organize his knowl- 
edge, selecting the important features, observing the connection of 
one topic with another, and building up the structure of the material 
as a whole instead of thinking of it as made up of detached parts? 

e. To this end, are certain reviews cumulative, touching upon all 
preceding work and keeping the student refreshed as to all that has 
been studied before? 

3. Drill. Besides the consideration of subject matter and reviews 
there is the equally important problem of drill work, not merely in 
algebra but in all branches of mathematics. This leads to the following 
questions: 

a. Is there a sufficient amount of drill material and is it properly 
distributed in the textbook? No textbook can, within reasonable 
limits of space, provide for all needed drills and at the same time 
contain all the testing material necessary for maintaining the highest 
efficiency, but it can reasonably be expected to contain enough drill 
to prepare for such modern tests as are available for school use. 

b. Is the purpose of each drill lesson made clear, so that the stu- 
dent may see the advantage of devoting his time of doing the work as 
well as he is able? 

c. Is the drill material progressively graded so as to allow for the 
increase in difficulty in certain parts of algebra? 

d. Does the drill work provide for individual differences among 
students, so that an assignment may increase or decrease in difficulty 
or in time allotment according to their needs? 

e. In the interest of economy in learning, do the drill exercises 
cover systematically the various possibilities of error in the subject 
under consideration? 

4. Tests. The rapid development of the testing movement has made 
it necessary for the schools to give careful attention to their construc- 
tion. Tests are so important that the following questions may prop- 
erly be considered in this connection: 

a. Does each test meet the standard requirements of (1) validity, 
(2) reliability, (3) objectivity, and (4) comprehensiveness. 
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b. Are the tests sufficiently numerous to be given with the neces- 
sary frequency? 

c. Are a reasonable number of the tests suitable for use as teaching 
devices as well as measuring instruments? 

d. Are the tests self-testing? 

e. Do they afford opportunities for making all possible errors under 
each topic, thus diagnosing the causes of the student’s difficulties? 
In other words, are the tests diagnostic? 

f. Do they train in habits of speed as well as accuracy? That is, are 
some of them so devised as to be used as timed tests? 

Aids in instruction. Not only is a textbook expected to supply 
subject matter, to arrange it psychologically, to select purposeful 
problems, to provide reviews and drills, and to prepare for modern 
tests, but it is expected to serve as an aid to the teacher in giving 
instruction, and to the student in receiving it. These two qualities 
should, therefore, demand our attention. 

1. As an aid to the student. The following questions will assist the 
teacher in judging the textbook as an aid to the student: 

a. Does it begin by making the student feel at home in the subject 
and by setting him thinking about its significance? 

b. Does it give the student something to do as early as possible? 

c. Are the explanations brief, clear, and “to the point’’? Are they 
such as the students themselves can readily amplify when they are 
discussed? The alternative is that they shall be tedious in style and 
discouraging in length, a shortcoming that should condemn any book. 

d. Does the book create an early appreciation of the value and 
beauties of the subject and a desire to pursue its study? 

e. Does it cultivate a desire for investigation, so that students 
will be encouraged to go further in the subject and in its applications 
to all branches of sceince and various phases of commerce and in- 
dustry? 

f. Does the textbook lead the student to do some real, constructive 
thinking; or does it, on the contrary, give the impression that algebra 
is only a piece of mechanism and that geometry is a subject for mere 
memorizing? 

g. Does it aid in developing a reasonable attitude of mind toward 
problem solving, whether in algebra or any other branch to which it is 
related? 

h. Does it encourage the student to help himself rather than con- 
tinually to depend upon the book or the teacher? 

i. In particular, does it give to the student plenty of opportunity 
for discovering by himself the principles of the science? 

j. Are suggestions given to the student for expressing his work in 
succinct form, and is neatness encouraged? 


608 SCHOOL SCIENCE AND MATHEMATICS 


k. Do the illustrative examples offer models which you would wish 
your students to follow in their written work? 

l. Do the illustrations aid in the understanding of the work? Are 
they valuable object lessons to the student for making their own 
drawings? 

2. As an aid to the teacher. In considering the textbook as an aid to 
the teacher the following questions will be found useful: 

a. Does the book contain helpful suggestions to the teacher and are 
they conveniently placed? 

b. Is there a full and well-arranged index which permits of easily 
finding the special topics? 

c. Is the table of contents sufficiently extended to show clearly 
the outline of the work? 

d. Are all the necessary tables and other similar items of informa- 
tion given in the body of the text or at the end? 

e. Is the number of applied problems, of abstract exercises, and of 
drill pages so extensive that the teacher will not, under ordinary 
circumstances, be called upon to supplement them any further than 
by a good set of modern tests? 

f. Do the explanations furnish material for brief discussions in class 
as to the best way of proceeding in the solution of algebraic exercises 
and problems of all types? 

The body, language, and soul of the book. It has often been observed 
that it is the intangibles which really count in our lives, and so it is 
with respect to a book. There are certain things that we can feel but 
cannot always measure. The following points have to do with 
qualities of this nature, some of which are easily measurable and 
others not. 

1. The body of the book. As to the mechanical make-up of a text- 
book we are in a field in which we can, if we choose, apply a figurative 
yardstick, as suggested by the following questions: 

a. Is the book generally attractive in external appearance? Is the 
binding pleasing in all respects? 

b. Is each page a model of neatness? Is the material so arranged 
that the page is attractive? 

c, Is the type clear, of the proper size, well spaced, and such as to 
avoid the danger of eyestrain? 

d. Is the paper of good quality, strong, without undue gloss, and of 
a tint that is restful to the eye? 

e. Do the illustrations fit properly into the general scheme? Are 
they clear and attractive? Are they in every respect the models that 
you would wish your students to copy? 

f. Is the book a model of good craftsmanship, strongly built and 
artistic in every feature? 
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2. The language of the book. Less easily measured is the language of 
a book,—not the mere vocabulary or the grammatical constructions, 
but those intangible elements that go to make up the style which 
characterizes it. The following questions suggest the features to be 
considered : 

a. Has the book such dignity of language and a style so concise 
and clear as to command the respect and appreciation of the students 
and to serve as a model in making their own work refined and attrac- 
tive? 

b. Are the discussions and the problems expressed in good English, 
the punctuation being correct and the phraseology suited to the 
students for whom the book is written? 

c. Is the language characterized by simplicity so as to be clearly 
understood by all who read it, and is there no excessive burden placed 
upon the student by reason of a pedantic or unnecessarily labored and 
burdensome vocabulary? 

3. The soul of the book. Still less eaily measured is the spirit in which 
the book is written. The significance of this statement may be more 
clear if we consider the following questions: 

a. Speaking figuratively, and allowably so, has the book a soul,— 
one that shines out so as to influence both the students and the 
teacher? Though intangible, does the spirit of the book lead the 
student to make friends with it and enjoy the time spent in its 
company? 

b. Can you weigh the soul of a friend, or gauge it by points on a 
machine-made scale? Then why should we try to measure the soul 
of a book, or the soul of an author who writes the material for the 
pages and gives them the spirit which they figuratively possess? If 
the book has not this better nature, if it is nothing but mechanical 
drudgery, if it seeks to be judged only by the amount of obsolete work 
or by the number of problems it sets, then it has no spirit and is 
unworthy of a place in the schools. 


“The faith we hold belongs not to us alone but to the free of all the world.” 
—Dwicat D. 


More food and better food for more people. No other nation in all history ever 
had an agriculture so efficient that famine and hunger were merely conditions to 
read about under foreign date lines. 

—Jin Roe in Successful Farming 


Does the high school in your community offer courses in physics or chemistry, 
or are the children compelled to graduate without knowledge of these funda- 
mental sciences? 


MOTIVATING THE HIGH SCHOOL AND 
COLLEGE SCIENCE STUDENT 


GERRIT VAN ZyL 
Hope College, Holland, Michigan 


The teacher is by far the greatest motivating influence of the stu- 
dent. Teaching is enduring work. It is creative work. Teaching is a 
passion. Its motive is service to ambitious young men and women 
with open minds who are in need of guidance. To render such service 
to these impressionable young people, even in a small way, is the am- 
bition and purpose of every good teacher. In order to be a good 
teacher, however, one must himself be motivated. 

A number of conferences in biology, chemistry, mathematics 
and physics have been held for this very purpose. For high school 
teachers, especially, attendance at the annual meetings of the Central 
Association of Science and Mathematics Teachers, and other im- 
portant professional secondary school science teaching groups, should 
be a yearly must. Facing, many times, over a hundred students a day 
for the school year can well become a tiring experience for the 
secondary school teacher. Experiences like CASMT meetings and 
regional conferences go a long way towards renewing a teacher’s own 
enthusiasm for his work. 

Other meetings sponsored by the National Science Foundation and 
the Division of Chemical Education of the American Chemical So- 
ciety and a number of other scientific and educational organizations 
are all excellent professional morale boosters. 

The teacher is the catalyst that inspires and activates the student. 
The catalyst may become “poisoned” or deactivated. The teacher 
needs to be rejuvenated by association with others having a common 
interest. He or she needs to brush. up on new methods of teaching, 
new lecture demonstrations, new student laboratory techniques, and 
new discoveries presented by authorities in various fields. As a result 
of such experiences his renewed enthusiasm will be transmitted to 
students in his classes. . 

The classroom is the place for imparting such information, arous- 
ing curiosity and pointing out the opportunities offered by science; 
for clarification of fundamental theories and laws by free discussions 
between teacher and students, and for the demonstration of funda- 
mental principles through sound student laboratory practice. 

The student must be alerted to the importance and opportunities 
offered by science. Actually, the era of science has just begun. Robert 
E. Wilson, chairman of the board, Standard Oil Company (Indiana), 
visualizes the compression of the 500,000 years of man’s development 
into fifty years, comparable to our own lifetime. He said: 
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“On the basis of this scale it took man 49 years to get over being a 
nomad. About six months ago a few men first learned to write; two 
weeks ago the first printing press was built. Only within the last four 
days have we really found out how to use electricity around which so 
much of our civilization is built. Within the very last day have come 
such amazing things as the radio, television, radar, diesel loco- 
motives, rayon, nylon, sulfa drugs, penicillin, book-keeping machines, 
electric computers of inconceivably complex equations, 100 octane 
gasoline, color and sound motion pictures, and hundreds of other 
things which we take for granted. On our condensed time table, jet 
planes, dozens of new antibiotics and hormones, and the release of 
atomic energy all came into the picture this morning.” 

Examinations and tests are used to determine the extent to which 
the student has mastered the subject matter, but class discussions 
should be pointed toward developing the inductive and deductive 
reasoning power of the student. The enthusiasm of the instructor for 
his subject largely determines the students’ interest. 

Students should be allowed to express their opinions and differences 
of opinion and to cite results of independent laboratory investigation 
or references to support their opinions. The instructor should act as 
a moderator and have a positive answer whenever possible. Superior 
students can understand and study more advanced subject matter 
than is included in the textbooks. Teachers sometimes do not recog- 
nize the student’s ability and willingness to learn new things. We 
should encourage the student to investigate any topic in which he 
shows an interest. 

Lecture demonstrations are of great value, especially in beginning 
classes, in that they usually leave a lasting impression if they are 
properly chosen to illustrate a fundamental law or theory. When a 
student sees apparatus on the classroom demonstration desk he ex- 
pects something new and interesting. He will try to think out the 
principles involved or be prompted to ask: “What is the principle in- 
volved? Does it have other applications? How does it work?’’ The 
more colorful or dramatic the demonstration the greater will be the 
interest aroused. 

As an example, the new book, Student Workbook for Lecture 
Demonstrations in General Chemistry by Dr. Hubert N. Alyea, 
Princeton University, on laboratory demonstrations should be on 
every chemistry teacher’s shelf. We have all heard the saying, “Curi- 
osity killed the cat.’’ Maybe so, but it has also led to an improved 
civilization and has stimulated the minds of students and teachers. 

The well equipped, modern science laboratory is a place where 
talent may be discovered. It is the students’ attitude towards learn- 
ing by experiment, which counts most. The person who is bored by 
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experiments will soon lose interest in science. It should be impressed 
upon the learner that the prescribed experiments are not intended to 
be routine or cook-book methods, but that they are intended to pro- 
voke clear thinking and reasoning. Also, they are devised to illustrate 
principles which may have other applications. The laboratory is not 
a factory where its products are turned out by assembly line methods. 
No machine can stamp out qualities of leadership, imagination, in- 
genuity, enthusiasm or perserverance. 

If the student shows a lack of interest he should be encouraged to 


Dr. Gerrit Van Zyl, 1955 Scientific Apparatus Makers Association award win- 
ner in chemical education, looking over his prized scrapbook picturing the many 
degrees and honors won by his former students. With him is Eugene Heasley, 

raduating Hope senior, continuing his science studies on a scholarship at the 
niversity of Kansas. 

Van Zyl, head of the chemistry department, Hope College, Holland, Michigan 
has been called the “epitome of good college teaching.” His record of sending 
capable science students on to study for advanced degrees in science is practically 
unequaled among small colleges of the country. 
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devise an experiment which appeals to him. He should be allowed to 
proceed after he has the approval of the instructor. A student in 
chemical qualitative analysis, for example, may find his own sample, 
the content of which he is curious to know. The biology student may 
wish to demonstrate that “structure determines function’’ on vari- 
ous anatomical specimens not generally discussed in the textbook. 

One of our college chemistry students, for an example, constructed 
his own apparatus for the measurement of dielectric constants at a 
cost of about sixty dollars to the chemistry department budget. 
Laboratory experimentation can be made to be exciting. Jt is one of 
the teachers’ most powerful tools for the motivation of the student. It is 
a means by which one learns the scientists’ logical thinking process. 
Brain-hand coordination is developed. The student learns to be neat 
and orderly and to be observant. He learns how to record experimen- 
tal data in a systematic manner. Many of our best researchers are 
discovered in the laboratory. I am sure that every teacher hopes that 
he will be able to say as Sir Humphrey Davy said, “My best dis- 
covery was Michael Faraday.” 

Progress in science has been due in a large measure to the inquisi- 
tive experimenter—the research worker. While high school science 
departments many times do not have the time and the facilities for 
it, every undergraduate college should have, at least, a limited re- 
search program to motivate both teachers and students. The ex- 
ample of the teacher working in his laboratory or delving into the 
literature in the library incites his students to action. Small individ- 
ual or group projects may be started as early as the freshman year 
on the college level. 

It is not difficult to discern which students have research interest 
and ability. They may be invited to cooperate with their professor 
in his own research program. Many times outstanding high school 
science students have shown their worth as laboratory assistants to 
busy secondary school instructors, thereby easing a teaching load 
and at the same time providing a real challenge for the superior 
student. 

By the end of his junior year the college student may be so stimu- 
lated that he will accept a scholarship or award for summer research. 
The work can then be continued in the senior year as a part of an 
advanced science course or as a course in special problems. If he is 
inclined to continue on a grant during the summer following grad- 
uation, he will probably become a co-author with his professor of an 
article in one of the scientific journals. 

Much could be said about encouraging interest on the part of the 
student by other means. I will mention briefly only four. 1. The or- 
ganization of science clubs such as the chemistry club, biology club, 
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pre-medical, mathematics club and physics club is highly desirable. 
Formation of these groups allow students with a common interest to 
become more closely associated. 2. Scholarships and prizes are an 
inducement to improved scholarship and increased interest. In our 
college, fourteen students received scholarships in chemistry ranging 
from one hundred and fifty dollars to five hundred dollars in 1954— 
1955. This scholarship program was made possible by the generous 
gifts of The Johnson Foundation, the Standard Oil Company of In- 
diana, the Du Pont Company and the Dow Chemical Company. 

Prizes awarded to the most outstanding science student in each 
class are also good interest stimuli. (Parenthetically, these awards 
are also excellent grist for local publicity about the school’s science 
program.) 

3. The open house program for science students from neighboring 
high schools and citizens of the community at which a large number 
of demonstrations are in progress should be an annual event. 4. An 
annual science field trip to a large industry or to a research labora- 
tory is also highly desirable. (Incidentally, your own previous visit to 
the field trip location and a discussion of the outstanding points to 
be observed on the student tour will greatly enhance the tour’s 
worth for the student.) 

True, some of the greatest early discoveries of science have been 
made with only meager equipment. However, today many “‘tools of 
science” are available. All of the manufacturers and dealers of ap- 
paratus and equipment and their technical representatives are willing 
and eager to cooperate with high schools, colleges and universities in 
supplying our student laboratories and demonstration preparation 
rooms at a reasonable cost. 

On the college level the chemistry major, for example, must learn 
and understand the basic principles underlying the construction and 
operation of fractionating columns, the refractometer, polarimeter, 
polarograph, Ph meter, spectrophotometer and the cyclotron (a 
small unit is being built at Hope College). Otherwise the use of the 
instrument does not contribute to his education. Anyone can be 
taught to push buttons or to turn a dial and read a vernier. 

The combination of all these things fosters the enthusiasm, in- 
genuity, initiative, good judgment and perseverance and the scien- 
tific attitude of the student, and prepares him for greater service to 
mankind. But, the greatest motivating influence is still the good teacher. 


“We hold all continents and peoples in equa! regard and honor.” 
—Dwicur D. EIsENHOWER 
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S. R. 
Amherst College, Amherst, Mass. 


CHAPTER VI 
MAGNETIC POLES 


In spite of the fact that we no longer consider magnetic poles as 
fundamental entities—as we do electric charges—there are still 
many interesting conclusions to be drawn from the calculated results 
obtained by manipulating magnetic poles as though they were iso- 
lated and fundamental entities. 

Forces Due to a Small Magnet. It is common observation that one 
magnet affects another, or, as in Oersted’s experiment, we notice 
that reactions occur between magnets and conductors in which elec- 
tric currents are flowing. As already stated we shall want to empha- 
size more and more as we procede that the real entities with which we 
are concerned in such work are electric charges. For the sake of under- 
standing the older treatments it is proposed in this and the following 
chapter to consider some of the phenomena we call magnetostatics 
by the use of Coulomb’s law for isolated magnetic poles. Later we 
shall consider these same problems from Ampere’s point of view when 
we deal with the interaction of moving charges without the mech- 
anism of any intervening magnetic field. 

In Fig. 72, N—S is a bar magnet whose distance between poles is /. 
We wish to know the force which it exerts at the point O, situated at 
a distance R from the center C of the magnet. The point O in Fig. 72 
has been located at the origin of a system of rectangular co-ordinates 
while the magnet, N—5S, is supposed to swing anywhere about the 
point O with its axis always parallel to the Y-axis. When this is done, 
6 is the angle between the radius vector R and the axis of the dipole, 
N-—S, as well as the angle between the radius vector R and the axis 
of Y. At O will be placed a unit, positive, magnetic pole, (m’=+-1), 
because the force exerted upon it due to the magnet, V—S, will be 
the so-called magnetic field intensity at O, and the direction in which 
the +1 pole will be urged will be the direction of that field. Both the 
intensity and the direction of the field are matters of definition. It 
will be assumed that this experiment will be carried cut in a vacuum, 
so that the field intensity at a distance R from a single pole of strength 
m will be, by definition, 


which follows from Coulomb’s law. In this problem the dipole, V—S, 


* Deceased. Professor Williams died February 12, 1955. 
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will be treated as though it had two independent, isolated magnetic 
poles. Note that the N-pole can act on the unit magnetic pole placed 
at O and so can the S-pole. The field-intensity of the N-pole at O is 


Hy =N/R? 
while that of the S-pole is, 
Hs = S/R? 


From experience it can be written that VN =S=m as the value of the 
pole strength of each pole of the dipole, VN—S. 

The total force acting on the unit magnetic pole at O will then be 
these two forces indicated above and represented in magnitude and 
direction by the two vectors, On and Os, in Fig. 72. As a matter of 


Fic. 72. The field of force about a small magnet, VN —S. 


convenience it will be found best to resolve these forces into their 
components along the axes of X and Y. When these are found, com- 
pound them into their resultant, 


Or= Hr= VF 


the actual force with which the dipole, N—S, acts on a unit pole at 
the point O and represented in magnitude and direction by the vector 
Or. 
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For each pole, N and S, there will be two components, one along 
the X-axis and the other along the Y-axis, or there will be two com- 
ponents along each axis. Thus taking the X-axis first there will be 
two components along it, and the total force acting in that direction 
will be 


F,=m sin 6,/R—m sin 
while for the Y-axis, 
F,y=m cos cos 


It will now be recalled that in the original statement of the problem, 
the only terms given were 6, R and 1. In these equations for F, and 
F, there are other values given, all of which are unknown. These are 
6:, 9, Ri, and Re, equivalents for which must be found in terms of 
the known quantities. Write out all of these relationships and use 
what is needed. 
Digression: 
Assume that / in all of the following calculations is very small with 

respect to the value of R. It therefore follows that 

R,?= RI cos 6= RI cos 0 

R,? = R?+1°/4+ RI cos 6= R*?+ Ri cos 6 

R, +R,= 2R, R.—R,=l cos 6, and R,R.=R? 

Y+1/2 
1 2 
X/R=sin 6, X/R,=sin@,, and X/R,=sin 
Y=Rcos@ and X=Rsin@ 
sin 6,—sin X/R,—X/R,= X(1/R,—1/R2) = —— 
cos 

Similarly, 


_ 
cos 6,—cos 


Now returning to the original equations for F, and F, the foregoing 
values will be substituted wherever needed, and the equations can 
then be transformed as follows: 
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mR,* mR,* sin 6, 


RYR? RyRy? 


(R;? sin 6,—R;? sin 62) 
m 
= [(R?+ RI cos 6) sin 6;—(R*— RI cos 8) sin 62 | 


m 
[R*(sin 6,—sin 62) +,RI cos 6(sin 6,+sin 62) | 


m [ (1 sin @ cos @) 
R* 


sin 6 cos | 


ml 
(sin cos sin @ cos @) 


ml 
(3 sin cos 0) = M/R*(3 sin @ cos 


where M = ml, the magnetic moment of the dipole. 
Similarly, 


mR,? cos mR,* cos 


m 
(R,? cos 0,—R;? cos 62) 


m 
[(R?+ RI cos 8) cos 0,—(R?— RI cos 8) cos 


R*(cos 02) + RI cos 0(cos cos 62) | 


m 1 sin? 
+2R1 | 
R R 


ml 
(—sin? 6+2 cos? 6) 
_M (cos? 1+2 cos? 0) 

R 


M 
=— (3 cos? 6—1) 


As indicated above, the total force at O due to the dipole will be, 


P 
= 
= 
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F, = Hre=Or=F 


M? 
= —— ; 2 2 = 2 
[(3 sin @ cos @)?+(3 cos? @—1) 


M? 
(9 sin? cos? @— 6 cos? 6+ 1) 


[= 
= [9 cos? @(sin? @+cos? @) — 6 cos? 


M? 
(9 cos? @—6 
= — cos 
R* 


In order to arrive at this quite simple but important result the as- 
sumption has to be made that / is quite small with respect to R. It is 
often necessary, in mathematics, in order to get any results at all, to 
make some simplifying assumption. If it had not been done in this 
case it would have required equations beyond our powers to handle 
with elementary mathematics. 

Please note that in all cases the product ml=M always appears. 
This is the magnetic moment of the dipole. Since it always does ap- 
pear in these problems we could have started with it in the beginning 
and thereby have simplified the calculations greatly. This point will 
be enlarged upon later. 

In the meantime, interpretation of the final results is quite in 
- order, because mathematical analysis has no significance unless it 
can be interpreted. When 6= 90°, cos 90°=O and, therefore, the final 
result becomes, 


F 


This is for the condition that the magnet stands broadside to the 
point O. O lies on a line which is at right angles to the axis of the 
magnet and erected at the center of the magnet. This is known as the 
tangent (B) position used by Gauss in his method for finding the 
value of the earth’s magnetic field. On the other hand, if 6=O°, 
cos) =1, (A position of Gauss), then, 


F M 3x1 2M/R? 


In this case the point O lies on a line which is a continuation of the 
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axis of the magnet. If the distance R is the same for both cases, then 
the force at O in the latter position is twice that in the former one. 
Compare these results with the values given on pp. 10-11, Chap. 2. 

A pplication of the Foregoing Deductions to a Coil of Wire. In the 
early part of the nineteenth century, Ampere showed that the result- 
ant magnetic field of a great many molecular magnets arranged in 
a thin sheet and turned in a common direction, could be replaced by 
a conductor carrying a current C with a contour equal to that of the 
sheet containing the molecular magnets. This means that a magnet 
with a magnetic moment M, may be replaced by a coil whose mag- 
netic moment CA = M, and the effect at a distance R will be the same. 
Hence in the place of M for the magnet in the equation just derived 
one may substitute for its value the quantity M=CA, and the same 
equation will hold for coils as for magnets. The early assumption 


Fic. 73. Magnetic field about a small magnet. 


that RX is large with respect to the dimensions of the coil must also 
hold. The equation which now holds for a coil is that the total force 
at O due to a current flowing in the coil will be, 


cos te hd 6+1 


This equation has the same interpretation as did the form for the 
magnetic field at any point about the magnet, so long as R is large 
and the coil is small. The coil will have its center at C, Fig. 72, and 
axis parallel to that of the magnet. 

Magnetic Field at a Point O Due to a Small Magnet (Second Method). 
The preceding approach to the problem of the forces exerted by a 
small magnet was not difficult, even if at times it seemed a bit long. 
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Significant was the technique for handling magnetic poles as such. 
There is also an economy in mathematics which it is well to observe 
if one is to be a good mathematician. 

Fig. 73 shows a magnet, N—S, for which an expression is desired 
that will give the field intensity at the point O. This time, magnetic 
poles will not be employed directly, but magnetic moments will be 
introduced at once as indicated some pages back. M=CA is a real 
entity. The radius vector R joining the center C of the magnet with 
the point O, makes an angle @ with the axis of the magnet. As a mat- 
ter of convenience we may think of the actual magnet, N—S, as 
being replaced by two magnets, one parallel to the line CO and the 
other at right angles to it. If M is the magnetic moment of the original 
magnet then the two magnets replacing it will have magnetic mo- 
ments represented by the expressions: 


M,=M and M:= Msin@é 


M, is placed with its axis parallel to the line CO and the second mag- 
net with its moment of M; is at right angles to the same line. Let it 
be emphasized again that the resultant effect of the two magnets 
will be the same as that due to the original magnet, for the field at O 
will be that compounded of H,, the field due to the first component 
magnet and H, due to the second. In doing this we place the two com- 
ponent magnets in the principal positions used by Gauss, called the 
“end-on” and the “broad-side on” positions. For the end-on com- 
ponent magnet we may write, 


H,=2M,/R*=(2M cos 6)/R* 


which acts along the line CO and is represented by the vector OE, 
while 


H,= M,/R*=(M sin 6)/R* 
acts at right angles to CO and is represented by the vector ED. The 
resultant field, therefore, will be the vector, 


OD=F .= (Note 


4M? M? sin? a 


= R V3 cos? 6+1 
Thus by a very simple process we have arrived at the value of the 
field found by a longer process in Method I. 
Inasmuch as the components, H, and H2, which make up the total 
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force H, act along and at right angles to CO= R we can see a definite 
relation between 6 and ¢, Fig. 73. 
(M sin 6)/R* 
tan = tan 6/2 
(2Mc os 0)/R* 
because by construction H;, is drawn normal to CO at the point E 
in such a position that CE= EO/2. (Side-on effect of a magnet is } 
of end-on effect.) 
tan 0+ tan 3tan@ 3sin@cosé@ 
tan a= tan = 
3 cos? 
3 cos* 6—1 3:sin@cosé 3 sin cos 6 


/3cos?0+1 3 .cos?@—1 /3 cos? 6+1 


cos a= 


These values of sin a and cos a enable us to find the components of 
the force, F;, along the X and Y axes and show that they check with 
the values found by the first method. Note that OD=H may be re- 
solved into and or into H, and H,,. 


H,=Hcosa and H, = Hsina 


M 3 cos? 
cos 
/3c0s?0+1 
M 2 
(3 cos? @—1) 
Also, 
M 3 sin cos 6 
cos 
V3 cos*6+1 
M 
— (3 sin @ cos @) 
Whence, 


M? 
[(3 cos* 1)?+(3 sin cos 6)? 


=A 
— 
i= 


MAGNETIC POLES 623 


M? 
= [9 cost cos? 0+ 1+9 sin? cos? 4| 


M 
= Re V9 cos? #(cos? 6+sin? —6 cos? 


M 2 
V3 cos*6+1 


Once more we have arrived at the important result which gives us 
the value of the field strength about any magnetic dipole, whether a 


Fic. 74. A large sphere filled with innumerable but uniformly 
distributed dipoles. 


magnet or a coil, provided the dimensions of the magnet or of the 
coil are small with respect to the distance R. The interpretation has 
already been given. 

A Medium Filled with Magnetic Dipoles. Having found the ex- 
pression for the magnetic field around a single magnet, or dipole, it is 
quite conceivable that by a process of integration it would be possible 
to find at any point within a medium filled with dipoles, and all turned 
in the same direction, the resultant force of all such fields. One may 
set up such an equation, but its solution is too complex for our pur- 
poses in dealing with simple mathematics as a tool, 
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By using some imagination, however, the problem can be solved 
quite readily. The following solution also illustrates that engineering 
and physics are rich in pictures, and all that is needed is to find the 
correct picture which can be expressed in simple mathematics. 

In Fig. 74 is shown by a solid line circle the cross-section of a very 
large sphere, (B), of radius R, filled with magnetic dipoles turned in 
helter-skelter fashion. This group of dipoles has a magnetic field H 
applied to it in the direction shown. This turns all of the di-poles into 
the same direction as the applied field H. In this state the medium is 
said to be magnetically saturated. For simplicity’s sake only four 
dipoles, Nos. 1, 2, 3, and 4 will be indicated, but they will show that 
when the sphere is magnetized to saturation, the positive, or north 
seeking, poles will all lie in the sphere (A) whose cross-section is repre- 
sented by the circle drawn in short dashes, while all the negative, or 
south seeking, poles will be located in the sphere (C) represented by 
the circle drawn in long dashes. 

We now raise the question: What is the force at O, the center of 
the original sphere, when the field H is withdrawn but all dipoles 
still remain in the position of magnetic saturation and each one exerts 
a field at O given by the equation: 


6+1 


If one had a mass m, say near the middle of the earth where the 
distance to the center was one mile, the effective gravitational force ' 
acting upon the mass m would be due only to that part of the earth 
which lies within the sphere of one mile radius, while all the rest of 
the earth would be acting upon the mass m, yet there would be a 
neutralization of all of these forces, and only the pull of the sphere of 
one mile radius would be effective in attracting the mass m. A similar 
situation exists between the unit magnetic pole at the center of the 
original sphere and the attractions which the positive and negative 
poles in the two other spheres exert upon it. The unit magnetic pole 
at the center of the sphere (B) is off the centers of the other two 
spheres by a distance which is equal to half the length of the dipoles. 
Call this distance 1/2. Consequently only the positive poles in the 
upper small sphere (a) will have any resultant effect on the unit mag- 
netic pole and the same will be true for the negative poles found in 
the small sphere (c) below the center. The result of these forces on 
the pole is that the positive poles in the upper sphere (a) push m’= 
+1 downward toward the bottom of the page, and equally so the 
negative poles in the lower small sphere (c) attract m’= +1 down- 
ward toward the bottom of the page, and we see that the resultant 
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force at O is in a direction opposite to that which H originally im- 
posed upon the point O. This is why we call this resultant force a 
demagnetizing force. 

The radii of the two small spheres will both be equal to //2, hence 
the volume of each one of the small spheres will be, 


4n 
(1/2)*=l*/6 


Next multiply this volume by the number of magnetic poles per unit 
volume (=m) and this will give the number of positive, as well as 
negative, poles in the upper and lower small spheres respectively. 
The total number then will be, 
anl® 
6 


N= 


Now apply Coulomb’s law to the forces between the NV poles in each 
of the small spheres and the unit pole, m’ = +1. 


—nmrl* —2rnml 
3 
NX1 —nmrl* —2xnml 


where m is the pole strength of the dipoles imbedded in the medium. 

The negative sign is used to show that the force acts toward — Y and 

opposed to H. The total demagnetizing force at O, therefore, will be, 
Ha=(—F,)+(—F_) = —2F 


—4arnml —4 
—=—— (xnM) 
3 3 


where M is the magnetic moment of each dipole being considered. 
Inasmuch as m is the number of dipoles per unit volume of the 
medium, then nM is the magnetic moment per unit volume. By defi- 
nition the magnetic moment per unit volume is the same as the in- 
tensity of magnetization and, therefore, 


Ha= 


4x/3=N is called the demagnetizing factor for a sphere. For other 
shaped bodies the value of N will depend upon the form of the body 
being magnetized. 

This demagnetizing force may be visualized as in Fig. 75. Let H 
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represent a uniform magnetizing force which is applied to a piece of 
soft iron. As a result of the applied field, free magnetic poles, V and 
S, are set up in the iron. Each pole produces its own radial field, the 
resultant being the field due to a pair of poles. As will be seen from 
the direction of these lines of force between the poles, they are op- 
posed to those representing H/, the applied field. The effective field, 
H.,, therefore, for magnetizing the piece of iron, if it is in the form of 
a sphere, will be, : 


Hy=H-Ha=H- 


For a sphere H, will be very large and as a result //,, will be corre- 
spondingly small. 


7H 


Fic. 75. The demagnetizing lines of force due to the poles set 
up when a ferromagnetic body is magnetized. 


Demagnetizing Factor for Long Slim Rods.—The demagnetizing 
factor in a long slim rod of iron will be quite different from that of 
the sphere. The comparison between N for a sphere and JN for a long 
. slim rod of the same material will show what a difference the shape 
of the body makes in the value of the demagnetizing factor, V. 

In the case of an iron cylinder, see Fig. 76, it may be thought of as 
made up of a series of alternate positive and negative poles which 
neutralize each other, except for the positive layer on one end and 
the negative layer on the other, when it is brought under the influence 
of a magnetizing force H. Again it will be seen, as in the case of the 
sphere, that the lines of force radiate out from the NV-pole and into 
the S-pole, making the field in between them in a direction opposite 
to that of the applied field, H, and, therefore, constitutes a demag- 
netizing force, whose value may be obtained by calculation in the 
following way. 
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In Fig. 77 is shown a circular sheet of positive poles which repre- 
sent the NV end of the soft iron cylinder shown in Fig. 76, when it is 
magnetized by a field whose intensity is H. An equal force arises from 
the negative poles at the S-end. What will be the magnitude of the 
resultant of these forces on a unit positive pole at the center C of the 
cylinder? 


+ —|+ —|+ - = 
+ —|+ —|+ —|+ - 
+ Se —|+ = 

+ —|+ —|+ 


Fic. 76. Arrangement of dipoles in a long slim ferromagnetic 
body when magnetized. 


Fic. 77. The demagnetizing force due to"a pole produced on 
a long, slim rod of ferromagnetic material. 


Let CO=L be the half length of the cylinder, whose radius is R, 
while m may be taken as the number of unit poles per unit area of the 
end of the cylinder. Consider the circular sheet of positive poles, or 
the end of the cylinder, as being made up of concentric circular strips 
dX units wide and take one of these strips at a distance X from the 
center O. The force dF on m’=-+1 at C due to the poles included in 
this annular strip will be—parallel to CO, 


1xndA 
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When summed up over the entire disk, 


XdX 
FP, . 
xmo 


L 
+ R? 


Similarly for the S-pole, 
F_=2xn|1—cos 6| 
H 6| 


This is the demagnetizing force at C when a ferromagnetic cylinder is 
magnetized longitudinally. 

When cos 6=L/\/L?+R?® approaches unity as a value, i.e., L is 
very large with respect to R and the cylinder is a long, slim piece of 
iron, then H4 approaches O and there is no demagnetizing effect, 
N=O. On the other hand, when @ approaches 90° and the cylinder 
becomes a thin iron sheet, 


Ha=4n5 


where n is the pole strength per unit area of the end of the rod. Inas- 
much as the intensity of magnetization has been defined as the pole 
strength per unit area, the demagnetizing force at C may be written, 


Ha = 495 


For the case of the thin sheet the demagnetizing factor is VN =4r. 
These variations in N are all due to differences in shape of the bodies 
magnetized. 

From the foregoing it will be seen that it is desirable in measuring 
the magnetic induction in ferromagnetic substances to use long, slim 
specimens, unless one wants to go to considerable trouble and correct 
for the demagnetizing factor. 

Magnetic Induction. For many beginners the demagnetizing effect 
of the free poles induced in a piece of iron, for instance, when it is 
magnetized, has produced clouded thinking about magnetic induc- 
tion. They go hand in hand, however, and it is urgent that a clear 
picture be made of what is happening in the process of magnetization. 
When a piece of iron, or other ferromagnetic body, is magnetized by 
bringing it into a magnetic field, the elementary magnets in the body 
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are eventually turned so that their axes align themselves in a direc- 
tion as nearly parallel to the imposed field as possible. A perfect 
alignment is shown in Fig. 76. The magnetic field through each ele- 
mentary magnet is parallel to the applied field, and they can’t be 
made any more parallel. We say the iron has reached a point of satura- 
tion. The only way by which the total flux can be increased through 
the medium is by increasing the applied field 1. The process of mag- 
netization which goes on in a piece of iron, for instance, is nothing 
more than inducing the elementary magnets contained in it to turn 
as nearly parallel to the applied field as is possible. The addition of 
the magnetic lines of force which the elementary magnets possess to 
those of the applied field gives us what we call the magnetic induction 
of the medium as the total flux through it. It is that B which we have 
already mentioned in the relation 


B=yH = H+4n35. 


and discussed somewhat in preceding chapters. 

So far as we know there is nothing within the electric whirl we call 
a spinning electron (elementary magnet) to either increase or decrease 
the field produced by the motion of the rotating charge. Magnetically, 
it is simply a tiny circular conductor in which an electric current is 
flowing. It has neither an iron core to increase its magnetic moment, 
nor a diamagnetic one to decrease it, If one hangs up a simple coil of 
wire and sends an electric current through it, that coil has the same 
property as the spinning electron, so far as its magnetic property is 
concerned. It has a definite effective current C and a definite effective 
area A, so that its magnetic moment is always 


M =CA 


When they are all turned parallel to H, that part of the flux through 
the medium due to their turning cannot be increased. 

Instead of the tiny magnets pivoted on needle points in Fig. 46, 
one could arrange to have a group of tiny coils with currents flowing 
in them so mounted as to rotate as did the magnets, and the results 
which Ewing found would have been repeated with the coils. To 
think of the electric whirls, found in the spinning electrons, (magne- 
tons) as just tiny air-cored coils of wire in which electric currents are 
flowing makes the understanding of magnetic induction much easier. 

In Fig. 78 are shown two simple coils of wire, Z, and Ey. &, is 
stationary, and supplies the applied magnetic field H,. E, is arranged 
with moving contacts to that an electric current can flow through 
it, and yet be possible for the coil to turn about an axis in the plane 
of the coil and passing through its center. The electric current C, in 
E, will always be a constant. The directions of the fields in the two 
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coils are indicated by the arrows, N—S, and have values H, and H,; 
respectively. The coil E, has a fixed and definite magnetic moment, 


When a current C is sent through the coil ,, it sets up a field H, 
to which the field H, in E, tends to set itself parallel. When this hap- 
pens there is a maximum number of lines of force through the center 
O of the two coils. The space inside the two coils is as magnetically 
saturated as it can be with the currents employed. Let this total 
flux, i.e., the number of magnetic lines of force per unit area at the 
center of the two coils be designated as B, then 


B=H,+H, 


(For simplicity’s sake it is assumed that the fields H, and H, are uni- 
formly distributed within their respective coils.) 


Fic. 78. The magnetic lines about two concentric coils. 


Ampere pointed out that a magnetic shell could be represented by 
a certain current flowing along the periphery of the shell. The reverse 
representation may be made, and so for £:, if its magnetic shell 
equivalent is taken it can be looked at in the following way. If a is 
the pole strength per unit area of the coil Z,, then ¢A,=total pole 
strength of the coil whose magnetic moment M;,=C,A,. Already it 
has been shown that the number of lines of force emanating from a 
magnetic pole of strength m is 4m, so in this case, 
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and the number of lines of force issuing from the surface will be 

4raAz. Furthermore, if / is the thickness of the magnetic shell re- 

placing the coil then (@A,)/= M2, the magnetic moment of the shell 

and /A, is its volume. Already the intensity of magnetization has 

been defined as the magnetic moment per unit volume, and so 
laA?* 


2 
The intensity of magnetization has also been defined as the pole 
strength per unit area. Hence the lines of force emanating from unit 
area of the magnetic shell equivalent to the coil E; is, 


=4n3= 


~Inasmuch as B and H are also in terms of the number of lines of force 
per unit cross-section of the coil or of the shell, the equation, 


B=H,+H, becomes B=H,+4n5 


which is an exceedingly important equation when it comes to building 
dynamos, motors, transformers, and other types of electromagnetic 
machinery. From the way in which this equation was derived it must 
be evident that the term 475 represents the number of lines of force 
added to H, by the turning of the electric whirls so that their magnet- 
ic axes coincide in direction with H,. When there are no electric 
whirls present then B= Hi. 

This general equation for B has been derived from the considera- 
tion of two simple electric circuits. If in place of EZ, we put in a 
great many other small circular coils with currents in them, the 
argument would be exactly in the same and we would arrive at the 
same equation. 

In deriving the equation, 

B=H+4n3 


from a consideration of the magnetic fields of two simple coils in Fig. 
78, nothing has been said about the demagnetizing factor N. The 
field H, must all go through the coils Z, and £, in the direction 
indicated by the arrows. The return lines of force due to E, will in 
large part return outside of £, but inside of Z, and a part outside of 
E,, because the field of E, theoretically extends to infinity. The lines 
of force from E, which return inside of £, act as a demagnetizing fac- 
tor and H; is not the effective field, but 


H y= 


where 3’ is the intensity of magnetization due to the returning lines 
of force through 
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B=H +443 
H.+4n(5— a) 


Inasmuch as 3 is dependent upon the number of electric whirls pres- 
ent per unit volume, there are not as many whirls in 3’ which get all 
of their lines of force back through Z; as get them through in 3 in 
the opposite direction and parallel to H,. If these two quantities 3’ 
and 3 were equal then B= H,. 

It is this B which we call the magnetic induction of a substance, 
and it varies from H only as it has electric whirls associated with 
the space through which H operates. The greater the number of 
elementary electric whirls (spinning electrons) present for H to 


Fic. 79. An excellent form of electromagnet for pro- 
ducing powerful magnetic fields. 


operate upon the greater will be the value of 3 and therefore of the 
magnetic flux B. We are limited at present in the values of H which 
we can attain. 30,000 oersteds in coils without iron cores have been 
secured for continuous service, while for electromagnets over 60,000 
oersteds have been maintained. Kapitza obtained transient fields of 
about 320,000 oersteds. At present there doesn’t seem to be very much 
hope in increasing the number of spinning electrons per unit volume 
in order to increase B. 
If we divide the equation for B by H, i.e., 


B/H=H/H+443/H 
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we get, 
u=1+4rk 


where y, the permeability factor, has its customary meaning, while & 
is called the susceptibility of the medium. The susceptibility of a 
substance tells us more specifically what the magnetic property of the 
substance is. It depends wholly upon the electric whirls present per 
unit volume. If no electric whirls exist then 3=O and B=H. A 
magnetic medium is determined by the presence of these elementary 
magnets whose magnetic fields are of the same quality as the applied 
field, so that B and H, therefore, are of the same quality and must 
have the same dimensions. 


Fic. 80. An electromagnet for handling “pig” and scrap iron. 


POWERFUL ELECTROMAGNETS 


From the foregoing discussion it may be seen why ferromagnetic 
substances are used as the core of solenoids for producing intense 
magnetic fields. In Fig. 79 is shown an electromagnet for producing 
strong magnetic fields between the ends of the soft iron cores of the 
coils. As will be noted from an examination of fig. 79 the iron core is 
almost continuous. The space between the ends of the poles is simply 
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a narrow slot in the magnetic circuit. The coils, as shown in Fig. 79, 
are wound from copper tubing through which cold water or some 
other coolant circulates. In this way large electric currents may be 
used for producing H without undue heating effects. 

When the poles are brought quite close together the field between 
them is practically that given by B in the equation, 


B=H+4n5 


Fields up to 45,000 to 50,000 oersteds may be maintained for some 
time by such an outfit. 

Fig. 80 shows a powerful electromagnet used in handling scrap 
and pig iron. The electromagnet is lowered onto a pile of scrapiron, 


‘ 
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Fic. 81. A powerful electromagnet for removing iron 
particles from the eye. 


an electric circuit (D.C.) is applied and a large load of the iron will ad- 
here and be carried by the electromagnet to a point desired and 
dumped by simply breaking the electric circuit. 

Fig. 81 shows an effective electromagnet for removing iron par- 
ticles from the eye which often get into workmens’ eyes in machine 
shops. The whole problem of efficient electromagnetic machinery 
dynamos, motors and transformers rests upon how large we can make 
B in the equation, 


Procedures for measuring B and particularly k will be discussed in 
succeeding chapters. 
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BROADENING YOUR SCIENCE 
EVALUATION PROGRAM 


THEODORE WiLLIAM MUNCH 
College of Education, University of Texas, Austin 12, Texas 


Being “in the groove” means different things to different people. 
To the high school sophomore it probably indicates that a fellow 
classmate is “hep”; is really functioning smoothly along a certain 
line. “In the groove’”’ may also be synonomous with “in a rut” which 
is where many teachers find themselves, especially in regard to evalu- 
ation practices. ‘““Evaluation-wise,” we are in a rut if we depend on 
the same testing devices to measure the same outcomes semester 
after semester. We are in a rut if we rely solely on true-false, multiple- 
choice, and matching questions to determine if John or Mary have 
achieved what we say they should from biology, general science, 
chemistry, and physics. Particularly in science does it seem easy to 
fall back on the “old reliables” in evaluation. Physical laws and 
principles haven’t changed much over the years. The valence of 
hydrogen, carbon, and oxygen will remain the same in the foreseeable 
future. Fluids will continue to assume the shape of the container 
into which they are placed, and the amoeba will continue to pull 
himself about with his ‘false feet’ for another million years. Because 
facts and minutia of science are in such abundance and present them- 
selves so frequently, it is little wonder that testing is often confined 
to determining how well students have learned small details. 

But regurgitation of the facts (be they important or not) is less 
than the minimum that we should desire from students. How stu- 
dents change their behavior and how the study of a subject improves 
the ability to think is really the important thing in learning. Our 
present testing systems are designed to reveal in only a very limited 
way, any change in behavior or ability to use concepts and principles. 
Some attention and teaching time should be devoted to the determi- 
nation of how well boys and girls are able to use the science environ- 
ment in which they are placed in school and in which they find them- 
selves each day. We should try to discover the extent to which stu- 
dents are developing the ability to observe carefully and accurately 
the science happenings which transpire in and out of school. We 
should test to see whether boys and girls are improving their acuity 
in reading and interpreting data about nuclear energy, new cures for 
disease, and the new antibiotics about which they read daily in 
magazines and newspapers. Further, we should learn how keen is 
their evaluative judgment concerning the inferences they read in 
relation to the world of science. These outcomes are also worthy of 
an instructor’s consideration and time in a modern science course. 
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DEFINING GOALS—First STEP IN EVALUATION’ 


Revamping a particular evaluation program requires considerable 
planning to make objectives and methods harmonize. As is often 
practiced now, testing is a matter of looking back over a unit to dis- 
cover what items best lend themselves to the pencil and paper testing 
devices mentioned earlier. A modern evaluation program necessitates 
what might seem to be “putting the cart before the horse.”’ Instead 
of looking backward at the end of a period of instruction, start at the 
beginning of a unit and define clearly what you expect the student to 
achieve. In addition to the usual subject matter, include some of the 
less often taught skills and attitudes. These are best realized when 
defined in simple language. For example, one might state, when pre- 
paring objectives for a unit, “At the end of this particular unit the 
students should be better able to apply principles offered in this unit 
to the following new situations.’”’ Or, “Using certain facts and data 
studied in the past six weeks, the class should have improved their 
skill in drawing conclusions and making generalizations in the fol- 
lowing areas.’’ Again, “using graphs, charts, or experiment sheets, 
the class should be able to interpret evidence and draw valid infer- 
ences about the following sets of data.” It may not be possible to 
teach and test for all of these goals in any particular unit. It is better 
to choose one or two important outcomes and concentrate on these 
for a six weeks’ period. Other goals may be stressed in succeeding 
units of study. 

It is not enough to just have a list of objectives. The teacher must 
be sure these objectives are appropriate. To judge appropriateness, 
I would suggest application of the following key questions: 


1. Can the pupils be stirred to desire these aims as their own? If 
not, learning will be imposed by the teacher. This may not be as 
harmful as many educators would lead us to believe, but it 
makes the task of instruction more difficult, and it seems almost 
certain that the majority of students will not continue to learn 
after the pressure is removed. Good motivation before the unit 
starts is the answer here. 

2. Can the objectives be achieved with reasonable expenditure of 
time and effort? Do not be discouraged if the teaching and test- 
ing situation is awkward after the first attempt. Most first 
trials are. Streamlined methods will often develop as you be- 
come more skillful in administering the unit. 

3. Are the chosen goals the most important ones? Facts, while im- 


! The following steps were adapted trom materials developed by Dr. Lucien B. Kinney, School of Education, 
Stanford University, Stanford, California. 
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portant, are not as vital as the ability to draw conclusions, make 
inferences, and to think critically in terms of the subject matter. 


Step Two—DEFINING STUDENT BEHAVIOR 


The second step in planning a modern evaluation program is to 
decide how a student acts when he has achieved the desired goals. 
You can be sure your teaching program is effective in the area of 
developing the ability to make generalizations when the student 
volunteers reasonable generalizations during his discussions in class 
or otherwise. A boy or girl is learning to interpret data when charts 
or graphs from recent papers or periodicals are presented and the 
student realizes the limitations of the data or sees clearly the impli- 
cations of what he has read or been told. 


THREE—FINDING UsEFUL TESTING TECHNIQUES 


Finally, once objectives have been set and behaviors defined, the 
job of the teacher is to find appropriate techniques for obtaining and 
recording information. This is usually the most difficult task of all. 
First, it requires that the instructor be willing to experiment and to 
agree beforehand that first attempts, even though seemingly not as 
perfect or as reliable as more “tried and true” methods, can be re- 
vised and reused to better advantage. Second, it means that the test- 
ing devices will have to be developed over a period of time, and will 
require frank sessions of critique between the instructor and students. 
In fact, the students can well be told that new testing devices are 
being used, and that their cooperation and honest criticism will be 
appreciated. 

There are several areas in which evaluation programs may be 
broadened. The remainder of this article will take up four of these 
and illustrate the use of each. 


1. Evaluating for speed and understanding in reading science materials 


When teachers try to analyze why a student is a poor or good 
learner, they soon discover that the student’s ability to read is an im- 
portant factor. This is perhaps even more true in science where the 
vocabulary takes on specific meanings. It is interesting to note that 
high scores on standard reading tests do not always indicate a simi- 
larly high ability to read science materials. This may be due to new- 
ness of words or because the student tries to read science literature 
in the same fashion he does fiction. 

The following material can be considered as a combined learning 
and testing device if it is administered properly. Incidentally, any 
test worth its “salt” should afford the children a chance to learn, 
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both through the way the test is organized and by thorough review 
of the test when the papers are returned. The general form for the 
test described below has been worked out by C. R. Nelson? for gen- 
eral science, but the pattern may be adapted to any science. The test 
is constructed to give two scores; one based on the combination of 
speed of reading in relation to accuracy, and the second, accuracy 
alone. 

The reading material consists of approximately one and one-half 
double-spaced pages of true but unfamiliar reading excerpts about a 
certain subject. We are not concerned with what the pupil knows; 
only with what he can get from taking the test. The teacher makes 
the first statements simple and factual, but the later statements in- 
crease in complexity of content and structure. The reading material 
is followed by a test of about 15 questions, the answers to which may 
be marked true, false, or doubtful. 

The pupils are instructed concerning the following items in the ad- 
ministration of the test. When the students begin the test, the teacher 
will begin to time their progress. At the appropriate time after the 
test has begun, the teacher will announce “Four minutes,” and will 
thereafter indicate ten second and one minute intervals on the board. 
The pupils will record the number of minutes and seconds required 
to read and complete the test. The pupils should not refer to the test 
before reading the material, but they may refer back to the material 
at any time while taking the test. They should be told to consider 
only the reading material as a source for answering questions. 

When the last pupil announces his time, papers are exchanged and 
students score the papers. ‘Communal grading” provides discussion 
which enables students to see what kinds of errors they made and 
why they made them. Each student then makes the following compu- 
tations. One, they compute the time in seconds that it took to com- 
plete the test. Second, they divide the number of seconds by the num- 
ber of correct answers. This last number will provide the number of 
seconds to get one correct answer. 

The teacher collects the papers and tabulates the scores in the fol- 
lowing fashion. (1) Arrange the papers in order from highest to lowest 
according to the number of seconds to get one correct answer. One- 
fourth of the pupils, those having the lowest scores, are called reading 
group, group IV, the slowest. (2) A distribution is also made of the 
_number of test items correct. Each group is labeled 1, 2, 3, 4, with 
arabic numerals. 

The teacher records both groupings and returns the test to the 
child. A typical designation may be 1/2 or IV/3. The roman numeral 


* For further information, write to C, R. Nelson, Chairman, Science Dept., Weeks Junior High School, Newton 
Center, Massachusetts. 
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indicates the group on the basis of combined accuracy and speed, 
while the arabic number indicates the group on the basis of accuracy 
alone. The teacher then points out (if the students already haven't 
noticed) that a student may be classed as a: 

1. Fast, accurate reader. 

2. Fast, but inaccurate reader. 

3. Slow, accurate reader. 

4. Slow and inaccurate reader. 
Group 1 is told to increase their reading speed without loss of ac- 
curacy. Group 2 is told to slow down a fit to improve on accuracy. 
Group 3 should find ways to increase speed, and group 4 is told to 
be more concerned with accurate reading first, then speed. Pupils 
may be referred to special consultants or to the English or speech 
teacher for help. The science teacher may want to give direct help 
where possible by noting and correcting such simple items as lip 
movements, a large number of eye fixations per line, or regressions. 

This testing device should be repeated three or four times a semes- 
ter during which time it is stimulating for each student to chart his 
progress. 


2. Evaluating pupil's resourcefulness in the use of original apparatus 


Much of our science in the laboratory is taught “cook-book”’ 
fashion. The students are told to add so much of “A” to a certain 
amount of “B” to obtain “C.” To achieve this astounding bit of sci- 
ence skill the student is further instructed how to assemble the ap- 
paratus, being helped at all stages by diagrams and pictures. There 
is no particular case against helpful diagrams, but so often the stu- 
dents leave a laboratory situation unable to apply the principles or 
the apparatus in any fashion other than that prescribed in the 
manual. 

To test how fully students understand experimental apparatus and 
to test and develop their ability to apply familiar equipment in un- 
familiar situations, the following testing situations are suggested. 

Groups of equipment similar or identical to that used in class are 
placed on desks or wall benches about the room. Near each group is 
placed a 5"X7" card on which are the directions or requirements for 
the use of the equipment. When a test is given, students are rotated 
from desk to desk and are given one to two minutes on each question, 
or they are permitted to go the wall benches at their leisure during 
the testing period. In the latter method each student is permitted as 
much time as he wishes at each “‘station,”’ but no more than one stu- 
dent is permitted at a “station” at a time. This method has been 
used successfully with 28 students, using six stations during a testing 
period of 50 minutes. These items did not comprise the entire test; 
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there were also questions of the more traditional type which the stu- 
dents answered at their seats. This technique should be introduced 
to the class before using it on an examination. It is recommended 
that one or two questions be prepared and used in place of a ten min- 
ute written quiz. Some illustrative situations which might be used 
appear below. 


For CHEMISTRY 


1. GIVEN: Bunsen burner, fastened down; gas supply; matches; short 
rubber tubes; glass tubes. 
REQUIRED: To light the Bunsen burner without moving it. 
2. GIVEN: A mixture of sugar, sand, and iron filings; some water; 
magnet; towels. 
REQUIRED: To describe how to separate each of the three substances in 
the mixture from the other two. 


For GENERAL SCIENCE OR Puysics 


1. GIVEN: Two bar magnets, one with the N and § poles identified, and 
the other with one blue and one red tip only. 
REQUIRED: To find whether the red or blue end is the N pole. 


2. GIVEN: Two bottles of odd shape, nearly the same in size; pan of 
water. 
REQUIRED: To find which bottle holds more. 
A. GIVEN: A light bulb with the wattage marked on the end. 


REQUIRED: To tell how many amps the lamp draws on an ordinary 
house circuit. (The solution depends partly on the student 
being observant enough to pick up the bulb to discover the 
proper wattage, and to then apply the general formula: 
Watts = volts X amperes.) 


3. Evaluating ability to inter pret data from experiments and data found 
on charts and graphs 


A brief glance at any common periodical or the daily newspaper 
will disclose how much information is dispensed through charts and 
graphs. On the basis of these statistics, authors draw inferences and 
ask that the reader subscribe to an opinion or product on the basis 
of these inferences..To help the student better understand the propa- 
ganda to which he is subjected, it seems wise to help him interpret in- 
telligently what he reads in charts and graphs. In presenting this 
type of evaluating device, the following statement should be printed 
for the student to read. 


Part 1. Inferences. 


Directions: In the following exercise an experiment or situation is described. 
Below the description of the experiment are several statements concerning the 
experiment. 

Mark with an: (X)--every statement which you believe is a reasonable state- 
ment in the light of the experiment. 
(0)—every statement which cannot be true because it is con- 
tradicted by the results of the experiment. 
(-)—every statement which might be true or false because you 
do not have enough information given in the experiment. 
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Base your decisions on the results of the experiment plus any scientific informa- 
tion you have obtained from studying in class. 


Prosiem #1. Some students collected dead leaves and pond water which they 
brought back to the classroom and placed in a series of covered quart jars. 
The jars were divided into four groups and filled as described below. The 
water was then examined with a microscope every day for a period of two 
weeks to see if living protozoa were present. Assume the results in the groups 
listed below are not the result of contamination, 


The Jars Contained: Results 
Group 1—Pond water and dead leaves................... Protozoa present 
Group 2—Tap water and dead leaves................55.. Protozoa present 
Group 4—Tap water only. ..... Protozoa absent 


Mark the following conclusions as instructed above: 


~~ a. The protozoa seen in Group 1 may have come either from the dead 
leaves or from the pond water. 
b. The protozoa seen in Group 2 came from the dead leaves and not the 
tap water. 
__ e. In Group 1, a greater variety of protozoa came from the leaves than 
from the pond water. 
______. d. Protozoa must have been on the dead leaves. 
__.. e. Living protozoa probably would have been found if boiled leaves had 
been placed in boiled pond water. 


ProsieM #2. Below is a record of the growth in height of a tobacco plant during 
a continuous 24 hour period. Each vertical mark in the upper row of the dia- 
gram represents a growth in length of stem of one-three-hundredths of an inch. 


Rate of 


Lignt Period | | TT TT 


| Time 12 Midnight | 6 AM 12 Noon 6 PM 


Mark the following conclusions as instructed above: 


__.... a. The plant grew more rapidly during the hours of darkness. 

_____ b. The intensity of light on the plant was greater between the hours 
of 7 A.M. to 8 a.m. than between the hours of 4 P.M. to 5 p.m. 

__. c. The plant grew most rapidly just after 6 p.m. and just before 6 a.m. 

ret ben plant grew most rapidly during the three hours just after mid- 

night. 

____... e. The rate of transpiration was greatest after 6 p.m., therefore the plant 
had more water to use in growth. 


The problems listed above utilize principles which might normally 
be a part of the academic training in a biology course. To help the 
student transfer this training to other areas of living, and after he 
has mastered this form of test, it is but a natural step to devise prob- 
lems taken from the daily papers or periodicals. Sample problems 
might concern: 

1. Experiments describing the effects of tobacco tars on white rats 

2. Charts showing the results of mass polio vaccination. 
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3. Pseudo-experiments used to substantiate advertisement in 
everyday literature. 


4. Evaluating the ability to observe 


It is often discouraging to note that many students make mistakes 
or form wrong opinions because they have not been trained to see 
many aspects of the object being studied or the situation in which 
they find themselves. To help develop a sense of alertness and a feel- 
ing that close attention must be given to demonstrations or other 
situations, the following techniques have been found valuable: 


1. Near the beginning of the semester, arrange six or eight articles on a table 
or desk. Ask the students to study the display for one minute. Cover the 
display and then ask each member of the class to describe in as much detail 
as possible as many articles as he can. Throughout the semester repeat the 
test, increasing the number of items displayed. 

2. At the beginning of a class period give the class the following oral instruc- 
tion: “‘A person is said to be observant when he is conscious of what is hap- 
pening about him or what goes on in situations which he meets. Today we 
want to study your ability to see what goes on in a situation. I have set up 
a simple apparatus and will perform an easy demonstration. When I have 
completed the demonstration you will be given an opportunity to write 
down the different things which I did and which took place during the 
demonstration.” 


Without further comment start on the demonstration using some ap- 
paratus such as is indicated below. 


| 


| 


(1) Boil a little water in the round flask. 

(2) Remove from the fire and quickly insert a glass tube with a narrow tip 
and a rubber hose. 

(3) Insert the hose into a beaker of water. 

(4) The reduced air pressure inside the flask causes the water in the beaker 
to be pushed up into the flask in the form of a spray. 

(5) When the spray stops, place the flask on the table, remove the stopper 
and pour out the liquid, and turn off the gas. 
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(6) Distribute the ered questions to the students or ask them orally: 
a. The liquid in the flask was boiled to dryness. 
b. At the beginning of the experiment before the water began to boil: 
______ Tiny bubbles formed in the water. 

Drops of water collected on the outside of the flask. 

Steam came from the flask. 

c. After the water began to boil, the teacher: 

Poured out the water. 

Inserted a stopper. 

Inserted a stopper with a rubber hose attached. 

Inserted a stopper and a glass tube with a hose on the end. 

d. After the teacher inserted the hose into the beaker of water: 

The level of water rose in the beaker. 

The level of water fell in the beaker. 

More water came into the round flask. 

e. At the close of the demonstration the teacher did the following 
things: (List the order in which these things were done by numbering 
them from 1-4.) 

The gas was turned off. 

_____ The liquid was poured out. 

____._ The stopper was removed. 

___—. The flask was placed on the table. 


After each of the techniques has been used, the teacher should note 
those problems which students failed because the questions were im- 
properly constructed. Corrections should be made before the next 
administration of the test. As items become perfected, they may be 
filed for future use. Over a period of a few years there will accumulate 
sufficient items to permit a wide choice to fit the needs of classes of 
different caliber or different methods of instruction. 


SUMMARY 


A program for broadening the scope of science evaluation in 
secondary schools has been suggested and described. Four specific 
areas for evaluation, normally neglected in the schools, have been 
illustrated. These were: (1) speed and understanding in reading sci- 
ence materials, (2) resourcefulness in the use of original apparatus, 
(3) interpreting data from experiments and charts and graphs, and 
(4) ability to observe. 


The need for pupils trained in mathematics, physics, chemistry, and biology 
the languages of modern civilization—stands out in bold relief. The percentage 
of enrollments in these subjects is decreasing each year and the demand for such 
training is increasing. 


Snow shovel on wheels is designed to take the strain our of removing snow from 
walks and driveways. The 30-inch blade on this manual snow plow can be ad- 
justed easily to push snow to the right or left, or forward. The plow is of sturdy 
steel construction and rolls easily on rubber tires. 


COURSE PATTERNS IN MATHEMATICS STUDIED 
BY HIGH SCHOOL STUDENTS’ 


Joun W. RENNER 
University of Illinois, Urbana, Ill. 


Most of today’s public secondary schools offer their students a 
wide choice when selecting the curriculum which they wish to pursue. 
This is as true in the field of high school mathematics as it is in other 
areas. The writer recently completed a study of the mathematics 
course patterns which had been studied by 1227 high school seniors 
(from forty Iowa public high schools), and seventy-eight different 
mathematics course patterns were identified when individual course 
names were retained. After grouping all courses under more general 
headings (e.g., algebra, four semesters, instead of elementary algebra, 
two semesters, advanced algebra, two semesters) twenty-two distinct 
course patterns, each of which had been followed by nine or more 
students, were found. To facilitate classification courses labeled 
“shop mathematics,” “business mathematics” “business arithmetic,” 
etc., were grouped with the course labeled “consumer mathematics,”’ 
and the entire pattern was called “Vocational and Consumer Math- 
ematics.”’ 

The research was concerned with course patterns in mathematics 
and the degree of functional competence? that students achieve which 
is characteristic of studying a particular course pattern.* Since func- 
tional competence is influenced by student ability as well as by the 
type of instruction in mathematics, it was necessary to control the 
influence of ability in measuring functional competence. Therefore, 
it seemed that values for two variables were necessary. These vari- 
ables are the student’s ability and “level” of functional competence 
in mathematics. 

The most widely accepted measure of student ability is the in- 
telligence quotient (I.Q.). The measure of student ability used in this 
study, however, is the composite score on the Jowa Tests of Educa- 
tional Development.‘ This measure of ability was used because it was 
used because it was available for all the students who participated in 
the research, and a study done by the Examination Service of the 
State University of Iowa shows that there are significant correla- 


! This article is based on research done by the author at the State University of Iowa under the direction of 
Professor H. Vernon Price and Professor L. A. Van Dyke. 

2 As defined by the “Second Report of the Commission on Post-War Plans,” The Mathematics Teacher, 38: 
195-221, May, 1945; and measured by the Davis Test of Functional Compet in Math tics, published by 
the World Book Co., Yonkers-on-Hudson, New York, 1951. 

* The writer is aware that courses in related areas, e.g., physics and bookkeeping, could have an effect upon 
the degree of functional competence a student attains in mathematics. 

* Published by Science Research Associates, Inc., 57 W. Grand Ave., Chicago 10, Illinois, 1953. 
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tions’ between the composite score and measures of scholastic apti- 
tude. 

The arithmetic mean (in standard score units) of the scores which 
the students in each course pattern received on the Davis test was 
interpreted to mean the level of functional competence which had 
been achieved by those students. The arithmetic mean (in standard 
score units) of the composite scores on the Iowa tests received by 
the students in each course pattern was used as a measure of their 
scholastic aptitude. The factor of scholastic aptitude was controlled 
by the method of the analysis of covariance, and the Davis test means 
were adjusted accordingly. The separate course patterns which were 
found, the number of students who studied each course pattern, the 
mean score (in standard score units) on the lowa tests for each pat- 
tern (I), the mean score (in standard score units) on the Davis test for 
each pattern (D), and the adjusted mean score (in standard score 
units) for the Davis test that resulted for each pattern after scholastic 
aptitude had been statistically controlled (Adj. D) are presented in 
Table I. The number following each course represents the number of 
semesters the subject had been studied, e.g., “Algebra 2” means that 
the students in that pattern have completed two semesters of 
algebra. 

The following are supported by the data contained in Table I. 

1. In most cases the students whose adjusted mean scores on the 
Davis test were highest enrolled in those course patterns cover- 
ing the greatest number of semesters. 

2. In most cases the students enrolled in the course patterns cover- 
ing the greatest number of semesters of mathematics study 
achieved the highest scores on the Iowa tests. 

3. The most popular course pattern among the students who 
participated in the study is two semesters of algebra and two 
semesters of geometry (Pattern N). 

Table II lists for each category (i.e., the number of semesters of 
mathematics studied) the number of students, the Iowa tests mean 
(I), the Davis test mean (D), the Davis test mean after scholastic 
aptitude had been statistically controlled (Adj. D), and the results 
of the analysis of covariance. When a value of the F-ratio is listed in 
Table II as being significant, (i.e., PS5%), it should be interpreted 
to mean that the students in at least one course pattern in the 
category have achieved a level of measured functional competence 
that is significantly better than the level achieved by students in at 
least one other course pattern in the same category. The data listed 
in n Table II allow the hypothesis of no difference in the course-pattern 


* State University of Lowa, University Examination Service, Technical Bulletin No. 4, Relationships Among 
the Tests Given to Students Who Enter the College of Liberal Arts, lowa City, lowa, April, 1949, p. 2. 
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means to be accepted for the three-and-four-semester categories and 
rejected for the two-, five-, six-, and seven-semester categories. For 
the latter categories t-tests were made between the adjusted Davis 
test means for all possible combinations of course patterns within 
each category. The results of these t-tests, in terms of the significance 
of the difference between the adjusted Davis test means of any two 
course patterns, will be found in Table III. (The course patterns are 
referred to in Table III by the same letter they were assigned in 
Table I.) It will be noted that sixteen significant differences were 
found. 


TABLE I 
Major Course PATrerns FOR STUDENTS IN THE STUDY 


No. of No. of 


Course Patterns Semes- Stu- I D Adj. D 
ters dents 
A Algebra 4; Geometry 3 7 89 25.06 145.48 144.07 
B General Math. 2; Algebra 3; 
Geometry 2 7 20 19.20 133.05 139.88 
C Algebra 4; Geometry 2; 
Trigonometry 1 7 10 24.90 143.50 142.32 
D Algebra 3; Geometry 2; 
Trigonometry 1. 6 40 23.60 143.05 140.80 
FE General Math. 2; Algebra 2; 
Geometry 2 6 18 20.83 130.44 131.12 
F Algebra 3; Geometry 3 6 15 22.40 138.07 136.69 


G Algebra 3; Geometry 2; 
Vocational and Consumer Math.1 6 12 19.08 132.25 135.24 


H_ Algebra 4; Geometry 2 6 10 22.60 135.10 134.46 
General Math. 2; Algebra 2; 
Vocational and Consumer Math.2 6 


J Algebra 2; Geometry 2; 
Vocational and Consumer Math.1 5 94 19.26 124.35 125.26 
K Algebra 3; Geometry 2 5 67 22.46 136.12 133.03 
L General Math. 2; Algebra 2; 
Vocational and Consumer Math.1 5 23 «15.22 109.61 115.58 
M_ General Math. 2; Algebra 2; 
Geometry 1 5 
N_ Algebra 2; Geometry 2 4 284 19.30 121.32 119.13 
© General Math. 2; Algebra 2 4 92 16.45 119.10 121.70 
P General Math. 2; 
Vocational and Consumer Math.2 4 21 13.52 114.57 121.30 
© General Math. 2; Algebra 1; 
Vocational and Consumer Math.1 4 10 17.10 114.50 116.19 
R General Math. 2 
Vocational and Consumer Math.1 3 78 13.50 113.40 115.09 
Algebra 2; 
Vocational and Consumer Math. 
T Algebra 2; Geometry 1 
Algebra 2 
V_ General Math. 2 


73° 15.85 115.29 114.37 
142 16.92 116.56 114.56 
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Any course pattern whose adjusted Davis test mean was signifi- 
cantly better than the adjusted Davis test mean of at least one other 
course pattern within the same semester category will be found in 
Table IV. Table IV shows that eleven of the sixteen significant differ- 
ences (which were listed in Table III) are in favor of the conventional*® 
mathematics course patterns. These conventional course patterns, 
i.e., A, D, F, H, K, and U (see Table IV), also enroll over one-half 
(363 of 656 students) of the students in the seven-, six-, five-, and two- 
semester categories. Five of the sixteen significant differences which 
were found between the adjusted Davis test means for all combina- 
tions of course patterns within the same semester category (see 
Table III) can be credited to the non-conventional’ mathematics 
course patterns. These course patterns are E, G, J, and M (see Table 
IIl). These course patterns enrolled 136 of the total 656 students 
(approximately 20 per cent) in these four-semester categories. Con- 
sequently, the conventional mathematics course patterns in these 
semester categories (i.e., the seven-, six-, five-, and two-semester 
categories) seem to be more effective than most of the nonconven- 
tional mathematics course patterns with respect to providing those 
students who study them with the knowledge of mathematics which 


Taste II 
RESULTS OF THE ANALYSIS OF COVARIANCE BETWEEN COURSE PATTERNS 


- Stu- I D Adj. D of the of Significance 
Semesters dents F-ratio Freedom 7 (P) 
Seven 119 24.06 143.23 135.07 3.079 2;115 P=5% 
Six 104 21.35 135.38 131.13 6.685 5; 97 P<5% 
Five 196 19.99 127.37 125.08 21.058 3;191 P<5% 
Four 407 118.30 120.30 120.44 1.398 3;402 P>5% 
Three 164 15.02 114.97 119.84 0.570 2;160 P>5% 


Two 237 15.44 113.10 117.37 12.583 15234 P<5% 


is necessary to increase their level of achievement of functional 
competence (as measured by the Davis test). Perhaps the superiority 
of the achievement of those students enrolled in the conventional 
mathematics course patterns could be due to the fact that in most 
cases students with the greatest scholastic aptitude enroll in these 
course patterns (the mean composite score on the Iowa tests, I, 
listed in Table I for each course pattern supports this statement), 
and it is possible that these students have better memories. 


* The reader should interpret the phrase “conventional mathematics course patterns” to mean those course 
patterns where the students study algebra in the ninth grade, geometry in the tenth grade, and advanced algebra, 
solid geometry, and trigonometry in the eleventh and twelfth grades. 

1 Those course patterns which contained general mathematics and/or vocational and consumer mathematics. 
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The data given in Table I and Table III indicate that when stu- 
dents study general mathematics as a basic course in the ninth grade 
and pursue the study of the conventional courses (i.e., algebra, 
geometry, and trigonometry), these students achieve as high a degree 
of measured functional competence as do those students who study 
algebra in the ninth grade and follow some of the conventional mathe- 
matics course patterns. This statement is supported by the fact 
that no statistically significant differences were found between the 
adjusted Davis test means for the following course patterns: B and 
C, E and G, E and H, K and M, and N and O. Consequently, it is 
believed that the level of functional competence (as measured by the 


Taste 


ResULTs OF TESTING THE NULL HyporHesis BETWEEN Course PATTERNS 
IN MATHEMATICS 


Course 


Patterns Pattern 
Between Standard Level of Which 
Category Which Devia- _t-value Significance _— Significant 
Significance tion (P) Difference 
is Being Favors 
Tested 
Seven 
Semesters A&B 1.729 2.423 1% <P <2% A 
A&C 2.156 0.810 40% <P <50% — 
B&C 2.581 0.945 30% <P <40% _ 
Six 
Semesters D&E 2.269 4.267 P<1% D 
D&F 2.383 1.725 5% <P <10% — 
D&G 2.665 2.087 2% <P <5% D 
D&H 2.775 2.285 2% <P <5% D 
D&I 3.362 5.260 P<1% D 
E&F 2.759 2.019 2% <P <5% F 
E&G 2.933 1.405 10% <P <20% — 
E&H 3.106 1.075 20% <P <30% — 
E&I 3.355 2.315 2% <P <5% E 
F&G 3.076 0.471 60% <P <70% — 
Fe&eH 3.202 0.697 40% <P <50% 
F&I 3.646 3.722 P<1% F 
G&H 3.394 0.230 80% <P <90% — 
G&l 3.603 3.364 P<1% G 
H&l 3.926 2.889 P<1% H 
Five 
Semesters J&K 1.470 5.289 P<1% K 
J aL 2.200 4.400 P<1% J 
J&M 2.820 3.344 P<1% M 
K&L 2.468 7.071 P<1% K 
K&M 2.876 0.577 50% <P <60% _— 
L&M 3.358 5.691 P<1% M 
Two 
Semesters U&V 1.241 3.538 P<1% U 
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Davis test) which students achieve is more dependent upon the 
courses studied beyond the ninth grade than it is upon the course 
studied in the ninth grade. 

The F-test yielded a value that was not statistically significant at 
the five per cent level of confidence for the three- and four-semester 
categories. Therefore, it can be said that all the mathematics course 
patterns within these categories are equally effective with regard to 
providing those students who study them with the elements of func- 
tional competence necessary to perform equally well on the Davis 
test. It can be seen, by examining Tables II and III, that in the two- 
semester category the students who study only algebra score higher 
on the Davis test than do the students who study only general 
mathematics. 

In the five-, six-, and seven-semester categories there seemed to be 
a tendency for those students who had studied geometry, and in 
some cases trigonometry, to achieve higher levels of functional com- 
petence (as measured by the Davis test) than those students who 


TABLE IV 


Course Parrerns WHose Apjustep Davis Test MEANS ARE SIGNIFICANTLY 
Betrer THAN THE ApjuUSTED Davis Tests MEANS OF AT LEAST ONE 
Orner Course PATTERN WITHIN THE SAME SEMESTER CATEGORY 


; No. of Times Course 
Course Pattern 
Was Superior 


Seven 
Semesters A: Algebra 4; Geometry 3 1 
Six 
Semesters: D: Algebra 3; Geometry 2; 
1 1 
G: General Math. 2; Algebra 2; 
Geometry 2 1 
F: Algebra 3; Geometry 3 2 
G: Algebra 3; Geometry 2; 
Vocational & Consumer Math. 1 1 
H: Algebra 4; Geometry 2 | 
Five 
Semesters: J: Algebra 2; Geometry 2; 
Vocational & Consumer Math. 1 1 
K: Algebra 3; Geometry 2 2 
M: General Math. 2; Algebra 2; 
Geometry 1 2 
Two 


Semesters: U: Algebra 2 aw 1 


650 SCHOOL SCIENCE AND MATHEMATICS 


had not studied geometry. This “need” for a study of geometry*® 
seemed to increase as the number of semesters of mathematics which 
were studied increased, but the evidence was not sufficient to justify 
drawing any conclusions. Perhaps this “tendency” was spurious or a 
function of the measuring instrument used, i.e., the Davis test. How- 
ever, if this point were investigated, mathematics teachers would 
better understand the contribution which geometry makes to the 
level of functional competence which students achieve. 

From the results of this study the writer believes that four definite 

conclusions can be drawn. 

1. For the Iowa high school students who study only two semesters 
of mathematics the study of algebra produces results which are 
significantly better than those produced by general mathe- 
matics. 

2. General mathematics is as effective as is algebra as a ninth grade 
course if the study of mathematics is continued in the higher 
grades. 

3. Students in Lowa public high schools who study the more “‘con- 
ventional” mathematics course patterns score higher on the 
Davis test than students who study the “unconventional” 
mathematics course patterns. 

4. A student’s level of achievement of functional competence de- 
pends more upon the mathematics courses which are studied in 
grades ten, eleven, and twelve than it depends upon the course 
studied in the ninth grade. 


* The writer is aware, since the results were not entirely consistent, that this apparent “need” could be a func- 
tion of the measuring instrument which was used, i.¢., the Davis test. 


FORMULAS FOR BETTER READING 
IN MATHEMATICS 
DELWYN G. SCHUBERT* 
1967 Micheltorena St., Los Angeles 39, Calif. 


When mathematics teachers say “If he could read, I could teach 
him mathematics” they are implying that general reading ability is 
the panacea of all subject matter woes. Nothing could be more 
foreign to the truth. We know, for example, that many good readers 
read rapidly, employing, in some instances, a kind of telegraphic 
technique of omitting non-essential words. This is an excellent meth- 
od for reading easy prose but has no place in reading mathematics. 
Since in reading mathematics, every. word is as important as a 
marriage contract, the teacher must stress the need for slow, metic- 


* Theauthor is director of the reading clinic at Los Angeles State College of Applied Arts and Sciences. 
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ulous reading. The following approaches have been used successfully 
by teachers who wanted to combat these skimming tendencies. 

1. One teacher gave students training in spotting irrelevant sen- 
tences and phrases which had been inserted in problems drawn from 
supplementary texts. 

2. Another teacher used non-mathematical materials for training 
purposes. His students were given exercises in deciphering coded 
messages which fellow classmates had worked out. Training also was 
given in reading newspaper want-ad sections for specific facts and 
information. 

3. Many teachers believe that the most valuable training in careful 
reading grows out of having students approximate an answer before 
trying to work out a detailed solution. 

Much of the difficulty in reading mathematical material can be 
attributed to its vocabulary burden. Technical words like ‘‘quotient, 
integer, exponent, and addend”’ must be clearly understood if a prob- 
lem employing one or more of them is encountered. In addition to a 
technical vocabulary, many common words having a special math- 
ematical connotation figure in mathematical problems. Words like 
“revolution, base, and plane,” for example, are but a few which must 
be understood if a problem employing them is to prove meaningful. 
There are many ways to help students master their mathematical 
vocabulary. The following have proved most helpful. 

1. Organize word rummy games using cards which list the tech- 
nical vocabulary you wish your students to master. One of the best 
listings of technical terms indispensable to reading meaningfully in 
mathematics can be found in Cole’s The Teacher's Handbook of 
Technical Vocabulary. 

2. Have vocabulary down games similar to the old fashioned spell 
down game so popular in elementary school classrooms. 

3. With the help of your class, work out a glossary of terms which 
can be used by them and then handed down to subsequent classes. 

4. Make use of visual aids of all kinds. This is valuable in building 
concepts which make terms meaningful. 

5. Write a base word on the board and then ask students to build 
a list of terms falling in that category. Provide your students with 
clues by listing the first and last letter of the words along with 
spaces representing intervening letters. The following is an example, 


TRIANGLES 


' Cole, Luella, The Teacher's Handbook of Technical Vocabulary, Public School Publishing Company, Bloom- 
ington, Illinois, 1940, 
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6. For teaching important formulas, play a form of bingo. Call the 
game FORMULO. Select twenty-five important formulas and sub- 
stitute them for the numbers used in the ordinary game of bingo. 
Six cards of twenty-five formulas constitute a set. All cards include 
the same formulas but these appear in a different order on each. 
Descriptions of the formulas are then written on slips of paper. Each 
player is given a card. Slips are then drawn at random and read. If 
a slip reads, for example, “area of a rectangle,” the players then 
would look for the formula “LW.” Each formula called is covered 
with a small paper square until one row, either vertical, diagonal, or 
horizontal, has been completed. The individual holding this card is 
the winner. 

Other suggestions of a miscellaneous nature which have proved 
helpful in reading mathematics more efficiently are these: 

1. When a student is confused and can’t solve a problem, have him 
read it out loud to determine if he is reading it correctly. 

2. Try reading a problem orally for your class and ask your stu- 
dents to write a version of how they would go about solving it. Then 
have the students share their versions of the solution. 

3. When students are bewildered by mathematical concepts, have 
them read comparable lessons in an easier, supplementary text. 

4. When problems are long and involved encourage students to re- 
write them employing short, simple sentences. 

5. Devise training exercises designed to develop the reading skills 
students need to read mathematics meaningfully. For example, a 
series of exercises based on “‘What information does the problem give 
you?” or “What are you asked to find?” would prove very helpful in 
teaching students to read mathematical problems more intelligently. 

6. With discrimination, choose some of your better readers to work 
with the poorer ones individually, or in groups. Experiments have 
shown that an arrangement such as this pays dividends. The teacher 
is relieved of time consuming responsibility and the students learn 
as much if not more than they would working directly under his 
supervision. 

The mathematics teacher can do a great deal to help students read 
mathematics more efficiently. He must realize, however, that a few 
students are so severely retarded in their basic reading skills that they 
require remedial as well as the developmental help he can give them. 


“We shall never use our strength to try to impress upon another people our 
own cherished political and economic institutions.” . 
—Dwicut D. EisENHOWER 


re 
a 
‘ 
: 
~ 
= 


THE CRYSTAL SET—A CENTER OF INTEREST 


Dora F. KENNEDY 
3406 Tulane Drive, W. Hyattsville, Md. 


Areas having to do with electricity and communications arouse 
great interest among boys of the intermediate and upper grades. In 
my own classroom I have observed that these types of activities are 
unique as a motivating force for both the slow learners and the gifted 
youngsters. 

The building of a crystal radio set is among the most popular of 
such activities. The crystal set lends itself to classroom use because 
it is inexpensive and simple to make. 

Following is a description of the parts and materials needed: 

1. The antenna. This may be about 25 feet of insulated or un- 
insulated copper wire, connected to the set, stretched at a 
distance above it. It may be strung outdoors through a window 
to a pole or tree, or inside along the classroom wall. The 
antenna picks up the radie waves sent from the transmitting 
station. If uninsulated wire is used, there should be a lightning 
arrester connected between the set and the antenna wire. 

2. The ground wire. This may be insulated or uninsulated copper 
wire. It may be connected from the set to any metal object 
which directly or indirectly leads to the earth. The radiator 
in the classroom makes a good ground connection; a pipe 
placed in the ground outside the classroom is also satisfactory. 

3. Coil. The coil consists of insulated copper wire wound around 
a cylinder form. No. 22 or No. 24 magnet wire is used. An 
average-sized oatmeal box works well. 

4. Tuning condenser. This device is made of metal leaves or 
plates, some of which are stationary, and some of which turn 
when one rotates the knob which protrudes from them. The 
part that is stationary is called the stator; the part that turns 
is called the rotor. It is the tuning device in radios, and it acts 
in conjunction with the coil in this respect. A small one having 
17 to 21 plates is desirable. 

5. Fixed condenser. This type of condenser is called “‘fixed’”’ be- 
cause it is not moved or turned like the tuning condenser. 
Fixed condensers are usually small and may be rectangular 
or tubular in shape. For this set one marked .00025 micro- 
fards (mfd.) is needed. 

6. Germanium crystal. This is a small piece of germanium on which 
the manufacturer has fixed or located the spot most sensitive to 
vibrations. Hence, it is sometimes referred to as a fixed crystal. 
The one best suited to this set is designated as the 1N34 type. 
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7. Insulated copper wire for coil and connections. As already 
mentioned, No. 22 or 24 magnet wire is used. This can be 
obtained in 4 pound spools, which contain more than enough 
wire for the coil and connections. 

8. Clips and screws. For the connections are needed three brass 
clips known as Fahnestock clips, and five small wood screws, 
size No. 6. 

9. Mounting board. A piece of plywood about a foot square will 
hold all the parts. 

10. Earphones. 

11. Soldering iron or woodburning set. 

12. Solder. This is a wire-like combination of tin and lead with a 

low melting point, for securing connections. 

These parts need not be new. If a teacher inquires about such parts 
among the pupils in his class, he will find invariably a few individuals 
who have such gear. Some of the parts, such as the tuning condenser 
and fixed condenser, may be obtained from old, discarded radios. 
Some boys enjoy dismantling old radios and salvaging parts. 

The local radio and television repairman is a good source of used 
radio parts, wire, etc. Usually he is cooperative in letting the pupils 
have old gear that he pians to discard. He is a valuable source of 
information on the subject of radio for both the teacher and pupils. 

There are several radio wholesale houses in the country from whom 
one can obtain catalogues free of charge. Parts are listed at lower 
prices in these catalogues. Some slow learners who dislike writing 
business letters seem eager to write to these companies for these free 
catalogues. 


PROCEDURE 


It is best,to plan to use the set near a window since this is most 
convenient for the antenna and ground connections. 


Stage One: 


Remove lid and bottom from oatmeal box so that it is open at both 
ends. Apply several coats of shellac or enamel paint to box in order to 
stiffen it. 

With a nail punch two holes about 1 inch from the edge of box. 
Place holes about } inch apart. Do the same thing at other end of box. 

Put the No. 22 or 24 wire from the spool through one hole, then the 
other hole, leaving a piece of about 1} feet dangling. Wind wire very 
close together around box. Turns must not be on top of one another; 
however, there must not be any space between them. Wind wire until 
you have reached the other end of the box. Put wire through holes at 
this end. Cut off wire from spool, leaving about one foot dangling. 
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There should be about 130 turns of wire on box. Shellac again so that 
wire will stay in place. Wait till shellac has dried. 

Mount coil horizontally at one end of the board, using a wood 
screw on each side. (No. 1 in pictorial drawing.) Place board so that 
coil is toward the back as you face it. Facing the board now, the 
right end of the coil will be for the antenna connection; the left end 
will be for the ground. 


2 


Fic. 1. Schematic diagram. 1. Coil. 2. Antenna. 3. Tuning condenser. 
4. Crystal. 5. Fixed condenser. 6. Ear phones. 7. Ground. 
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Fic. 2. Pictorial diagram. 1. Coil. 2. Antenna connection. 3. Tuning condenser. 
4. Stator connection. 5. Rotor connection. 6. Crystal (1N 34). 2, 7 & 8. Fahnestock 
clips. 9. Fixed condenser. 10. Ear phones. 


Stage Two: 

Antenna connection: Place one of the Fahnestock clips to right of 
coil, near edge of board. Screw it in only part way. (No. 2 in pictorial 
drawing.) 

Bring wire from right side of coil to this screw. Cut off excess wire. 
Scrape off insulation, and wrap it around screw. 
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Stage Three: 


Tuning condenser: Mount the tuning condenser with two wood 
screws, about four inches from left side of coil. (No. 3 in pictorial 
drawing.) 

Note that on the back of the tuning condenser is a metal flap with 
a hole in it. This is the stator lead, and has to be connected to the 
antenna screw. 

Take a piece of wire that will reach from this flap to the antenna 
screw. Scrape insulation off both ends. Wrap one end around metal 
flap, and the other around antenna screw. Now the antenna screw 
may be driven in all the way. (Stator connection is No. 4 in pictorial 
drawing.) 


Fic. 3. Crystal radio in classroom with pupil who made it. 


Note also that there is a heavy metal plate at each end of the tun- 
ing condenser. Any place on these plates is good for the rotor connec- 
tion. Take a piece of wire about 6 or 7 inches long. Scrape insulation 
off one end; solder it anywhere on one of the heavy metal pieces. 
Leave the other end of this wire free for the moment. (Rotor is No. 5 
on pictorial drawing.) 

Note: Tuning condensers out of old radios may have more than 
one section of plates. Hook up only one of these sections. 


Stage Four: 


Crystal; This has two wires coming out of it. Wrap one end around 
the stator flap. Leave other wire free for the moment. (No. 6 on 
pictorial drawing.) 
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Stage Five: 

Clips: At the front of broad, directly opposite coil, mount the other 
two Fahnestock clips, about 3 or 4 inches apart. Screw in only part 
way, (No. 7 and 8 on pictorial drawing) There are three free wires 
which must be connected to these screws. First connect the free end 
of the crystal to the screw at No. 7. If this wire from the crystal is too 
short, attach to it another piece of wire long enough to reach the 
screw. Be sure to scrape off insulation at both ends. 

Both the wire coming from the rotor and the wire from the left 
side of coil must be wrapped around screw at No. 8. The connections 
at No. 8 are for ground. . 


Stage Six: 

Fixed condenser: This has two wires coming from it. Wrap one 
wire around screw at No. 7 and the other at No. 8. Now force screws 
at 7 and 8 all the way in. (No. 9 on pictorial drawing.) 


Stage Seven: 


Solder all connections that have been made. When soldering crystal 
connections, hold crystal gently with a pair of pliers. Heat harms the 
germanium of which the crystal is made. The pliers will absorb the 
heat from the soldering iron. 


Stage Eight: 

Set up the wire for the antenna. Hook one end of the wire to 

Fahnestock clip at right of coil. If insulated wire is used for antenna, 
be certain that the part hooked into clip has been scraped off. 
' Set up wire for the ground. Lead the wire from the radiator or pipe 
to the clip at No. 8. Be certain insulation is removed from part which 
is hooked into clip, and also from part touching radiator. Also, if 
radiator has been painted, an unpainted spot must be found for con- 
tact, or a tiny bit of paint may be scraped off in an inconspicuous 
place. 


Stage Nine: 

Place earphone tips into clips at No. 7 and 8. Keep moving tuning 
condenser until a station is heard. 

I have included a diagram of schematic symbols together with the 
pictorial drawing. Pupils seem to be fascinated by these symbols, and 
they take pride in learning them. 

There are, of course, other ways to build a crystal radio receiver. 
Once pupils get started on this activity, they will come up with varia- 
tions. Some become interested enough to make radio a hobby. 

Truly, I have found this experience extremely worthwhile in mak- 
ing the study of modern communications more meaningful to pupils. 


CONFUSION RESULTING FROM DUPLICATION OF 
SYMBOLISM AND DEFINITIONS IN MATHEMATICS 


E. A. HABEL 
Pensacola Junior College, Pensacola, Florida 


The opinion is widely held that the deficiencies of college freshmen 
with mathematics are primarily a result of lack of understanding of 
requisite mathematical concepts. Research by the author seems to 
indicate’ that in many instances failure to understand simple mathe- 
matical notation is also the Source of much error and that the fault 
lies not alone with teacher and student but in part with the structure 
of mathematics and the textbooks which expound it. 

Mathematics has been defined by some people as the science of ac- 
curacy and precision, yet mathematics, as far as many of its com- 
monly accepted definitions and symbols are concerned, is not itself 
exactly scientific. In any exact science, in order to avoid confusion, 
each entity has one name and one symbol, just as with the elements 
in chemistry. Consequently, when a chemist deals with hydrogen or 
oxygen, it is always “H” or “O.” But not so if a mathematician is 
dealing with a fraction! He may call it by the various names of ratio, 
rate, or indicated division. Similarly, division may and does go under 
the pseudonym of factoring. Or, if it is required of the young student 
to find a “derivative,” then, depending upon the authority, he may 
seek Dy, y’, dy/dx, f'(x), ete. 

Such multiplicity of notation and definition has no benefit what- 
soever for the beginner, contributes to his confusion and his mistakes 
and succeeds in making a difficult subject incomprehensible to him. 
The student who is left to find out for himself that a dot, a cross mark, 
parentheses jammed against one another, or two letters adjacent to 
one another all are equivalent symbols meaning multiply may be- 
come bewildered in the early stages of study—especially when the 
dot for multiply so closely resembles the dot for decimal point or the 
cross mark the “x” for the unknown or variable in algebra. 

Findings from an attempt to diagnose the causes of repetitive 
errors’ of college freshmen have led the author to believe that the 
needless multiplicity of definition and symbolism increases the mathe- 
matical ills of students. This short article is a plea for clarification of 
our symbolism so that there need be no doubt in anyone’s mind as to 
the order and kind of operation intended in such important little 
problems as 4-4—4- 3. 

1 E. A. Habel, An Experiment in the Diagnosis and Remedy of Errors of College Freshmen in Arithmetic and 


Radicals, Scnoot Sctence anp Mararmartics, $1; 105-113, February, 1951. 
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PROBLEM DEPARTMENT 


CONDUCTED BY MARGARET F. WILLERDING 
Harris Teachers College, St. Louis, Missouri 


This department aims to provide problems of varying degrees of difficulty which will . 
interest anyone engaged in the study of mathematics. 

All readers are invited to propose problems and to solve problems here proposed. 
Drawings to illustrate the problems should be well done in India ink. Problems and 
solutions will be credited to their authors. Each solution or proposed problem sent 
the Editor should have the author’s name introducing the problem or solution 
as on the following pages. 

The editor of the Department desires to serve his readers by making it interesting 
and helpful to them. Address suggestions and problems to Margaret F. Willerding, 
Harris Teachers College, St. Louis, Missouri. 


SOLUTIONS AND PROBLEMS 


Note. Persons sending in solutions and submitting problems for solutions 
should observe the following instructions. 

1. Solutions should be in typed form, double spaced. 

2. Drawings in India ink should be on a separate page from the solution. 

3. Give the solution to the problem which you propose if you have one and 
also the source and any known references to it. 

4. In general when several solutions are correct, the one submitted in the 
best form will be used. 


2641. Proposed by Cecil B. Read, University of Wichita. 
Find, without using logarithms, the limit as x approaches infinity of 2*/e”. 


Solution by Charles H. Butler, Kalamazoo, Michigan 


Since >2 there exists a number a (a >1) such that 2a=e. Set = a’. 
Note that 


2? 1 
ale) 
Now since a>1 and e>1, it follows that as x becomes infinite, (1) a* becomes 
infinite; (2) x*—x becomes infinite; and (3) e*~* becomes infinite. Thus 
lim a*(e* ~*) 


ree 


Therefore 
1 1 
lim ——= lim 
Solutions were also offered by C. W. Trigg, Los Angeles, Calif.; Alan Wayne, 
Baldwin, N. Y., and the proposer. 


2462. Proposed by Julian H. Braun, U.S. Army, Aberdeen Proving Ground, Md. 


In a certain college F per cent of the freshman class are men having 1-A draft 
classification. A directive exempts from the draft those “1-A’s” who are in the 
— U per cent of their class. The army calls all 1-A men available under the 
ove restriction. Now, of course, after the first call, some 1-A students who 
were in the upper U per cent are then beneath the dividing line in the reduced 
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class. Supposing the army continues to call men as far as it can go under this 
system, in what upper percentile group of the original class would a 1-A student 
have to be in order that he be exempted from the draft? (Assume a uniform per- 
centile distribution of 1-A’s on the ranking scale of the original class.) 


Solution by the proposer 


An obvious method of solution would be to employ infinite series. However 
this would be tedious. A simpler method of solution is based on a consideration of 
the situation that must exist when the Army has called all the men it can. Thus: 


Solution to the “draft problem” by the proposer 


Let x=required percentile group. When the Army has called all the men it 
can, then the x group will consist of F% 1-A’s and (100—F)% non 1-A’s. Thus 
the percentage of the class who are 1-A’s not called is (F/100)x, and it follows 
that the size of the reduced class is then [100—F+(F/100)x]% of the original 
size. But the upper U'% of the reduced class must equal x% when the Army has 
called all the men it can. Thus: 

x= (U/100) [100—F +(F/100)x}. 
Solving 
100-—- FU/100 
2463. Proposed by Richard H. Bates, Milford, N. Y. 


Through any interior point P in triangle A BC, lines are drawn parallel to the 
three sides of the triangle, dividing these sides into three segments each. If the 
center segments of sides a, b, and c are denoted by a’, b’, and c’ respectively, 
show that 


a’/a+b'/b+c'/c=1. 
Solution by C. W. Trigg, Los Angeles City College 


From the parallelograms and similar triangles in the figure, we have a’/a 
=m/b=b,/b and a'/a=n/c=G:/c. 


In like manner, 
b'/b=c/c, c'/emb/b, ¢'/e=a,/a. 


These, together with the identities a’/a=a'/a, b’/b=b'/b, and c'/c=c'/« 
constitute nine equations which when added together give 


= (a,4-4' +42) /a+ +e) /c=3. 
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Therefore 
a’ /a+b'/b+c'/c=1. 


Solutions were also offered by Leon Bankoff, Los Angeles, Calif.; Charles H. 
Butler, Kalamazoo, Mich.; A. R. Haynes, Tacoma, Wash.; J. Byers King, 
Denton, Md.; Alan Wayne, Baldwin, N. Y.; and the proposer. 


2464. Proposed by C. W. Trigg, Los Angeles City College 
In triangle ABC, if 24A=4 2B, find the relationship involving the sides. 
Show that, in particular, if b=c, then a=b/3. 


Solution by Charles H. Butler, Kalamasoo, Michigan 


C=1%0-58 
a 
4- 
Az4B c B 
From the law of sines 
b a c c 


sinB sin 4B sin (180°—5B) sin 5B’ 
whence 
sin 4B sin 4B 
sin B sin 5B 
In particular, if b=c, then B=C=180°—5B, whence B= 30°. Therefore 
sin 120° V2 


Epitor’s Note: Alan Wayne, Baldwin, N. Y. points out that a generalization 
of this problem appeared in the American Mathematical Monthly January 1945, 
pp. 44-46, as Problem E 620. 

Solutions were also offered by Richard Bracken, Pittsburgh, Pa.; Hattie Estey, 
Flint, N. Y.; A. R. Haynes, Tacoma, Wash.; J. W. Lindsey, Amarillo, Texas; 
W.R. Warne, St. Petersburg, Fla; and Alan Wayne, Baldwin, N. Y. 


2465. Proposed by C. W. Trigg, Los Angeles City College 


In circle (O) central angle COE is less than 90°; OE extended meets the circle 
again in A and the tangent at C and D. The parallel to CD through A meets the 
circle in B. Express angle A BD in terms of angle COE. 


Solution by the proposer 


Draw EB. Then ABE is a right angle. Denote angle COE by y and angle 
EBD by x. Then angle CDO=90°—y=angle DAB, and angle ADB=180° 
— (90° — y) —(90°+2%)=y—-x. Now in triangle ABD, by the law of sines, we 


a=b 
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have 
A D/sin (90° +-x) = AB/sin (y—x) 
or 
ir+r/sin (90°—y) |/cos x= [2r cos (90°—y) |/sin (y—x). 


(cos y+1) (sin y cos x—cos y sin x) =2 cos x cos y sin y 
sin y cos x—cos y sin x—cos* y sin x=cos x sin y cos y 

sinx (1—cosy) sin 

stan? tan y. 


tan x = - 
cosx (1+cos y) cos y 


Hence angle ABD =90°+-arctan (tan y: tan? 
Solutions were also offered by Charles H. Butler, Kalamazoo, Mich.; and W. 
R. Warne, St. Petersburg, Fla. 


Cc D 


2466. Proposed by John Spalic, Springdale, Pa. 
Prove the identity: 


sin (x+y) cos y+cos (x+2) sin s=sin (x+2z) cos s+cos (x+y) sin y 


Solution by Cecil B. Read, University of Wichita, Wichita, Kansas 

Although there may be “trick” methods, straightforward expansion gives 
sin x cos* y+cos x sin y cos y+-cos x cos z sin z—sin* z sin x 

=sin x(1—sin* y)+cos x sin y cos y-+-cos x cos z sin z—(1—cos? zs) sin x 
=sin y (cos x cos y—sin x sin y)+-cos z (cos x sin z+-sin x cos 2) 
=sin y cos (x+y)-+-cos z sin (x+2). 

Solutions were also offered by Charles H. Butler, Kalamazoo, Mich.; George 
W. Charles, Tecumseh, Mich.; Benjamin Greenberg, New York, N. Y.; Fred 
Harris, Chicago, Ill.; A. R. Haynes, Tacoma, Wash.; Felix John, Philadelphia, 
Pa.; J. Byers King, Denton, Md.; J. W. Lindsey, Amarillo, Texas; Sister Marcia, 
Roseto, Pa.; J. H. Means, Austin, Texas; Horatio N. Robinson, Elbridge, N. Y.; 
Harry Siller, Far Rockaway, N. Y.; C. W. Trigg, Los Angeles, Calif.; Walter R. 


Warne, St. Petersburg, Fla.; Alan Wayne, Baldwin, N. Y.; Jeffrey Winicour, 
Providence, R. I.; and the proposer. 
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STUDENT HONOR ROLL 


The Editor will be very py to make special mention of classes, clubs, 
or individual students who offer solutions to problems submitted in this de- 
ent. Teachers are urged to report to the Editor such solutions. 

Editor’s Note: For a time each student contributor will receive a copy of 
the magazine in which his name appears. 
For this issue the Honor Roll appears below. 


2461, 2464, 2465, 2466. Lee Dresden Goldberg, Hillside, N. J. 
2463. Thelma Hackest, Denton, Md. 

2463. Barbara King, Denton, Md. 

2463, 2466. J. Richard Thomas, Denton, Md. 

2466. Mary Lou Haggerty, Springdale, Pa. 

2464. Noreen Bayly, Mt. Lebanon High School, Pittsburgh, Pa. 


PROBLEMS FOR SOLUTION 
2485. Proposed by Dwight L. Foster, Florida A. and M. College. 


A man started for a walk when the hands of his watch were coincident between 
three and four o’clock. When he finished, the hands were again coincident be- 
tween five and six o’clock. What was the time when he started, and how long did 
he walk? 


2486. Proposed by Christos B. Clavas, New York, N.Y. 


Take the parabola y*= x. Join the origin, O, with any point, P, on the parabola. 
From P draw a perpendicular on which OP intersects the x-axis at the point 
G. Prove the OG = 1/sin* 6 where @ is the angle XOP. 


2487. Proposed by A. R. Haynes, Tacoma, Wash. 
Solve 
(x+a) —(x+b) = (a—b) 
for x. 


2488. Proposed by C. W. Trigg, Los Angeles City College. 


On one side of an angle 6< 90° there is a point, P, at a distance a from the 
vertex of the angle. From P a perpendicular is dropped to the other side of the 
angle; from the foot of this perpendicular another perpendicular is dropped to 
the first side. This process is continued indefinitely. Show that the length of the 
broken line is 2a csc 6 cos? 6/2. Also show that when 6=/4 the length of the 
broken line is equal to the perimeter of the triangle formed by the first perpen- 
dicular and the sides of the angle. 


2489. Proposed by Julius S, Miiler, New Orleans, La. 


A sphere, a hoop, a disc, and a cube, have equal masses. The sphere, hoop, and 
disc have equal radii. All four start from rest and roll (slide in the case of the 
cube) down a smooth incline. Which one wins the race? 


2490. Proposed by Paul D. Thomas, Norman, Okla. 


The distance from the origin to the tangent at a variable point of every curve 
of a family is directly proportional to the derivative of the arc length with re- 
spect to the abscissa ag 
its envelope. 


the variable point, Find the equation to the family and 
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ScrENCE AWAKENING, by B. L. Van der Waerden. English Translation by Arnold 
Dresden. Cloth. 306 pages. 17.525 cm. 1954. P. Noordhoff, Ltd., Publishers, 
Groningen, Holland. Price $5.00. 


Those who are unable to read Dutch will welcome this English translation of 
Ontwakende Wetenschap. The original work was published in 1950 to provide an 
up-to-date history of ancient mathematics for the general reader. The research 
which had been done since the appearance of The History of Greek Mathematics 
by Sir Thomas Heath in 1921 had produced a reai need for a new survey of the 
field. The greatest advances had come from three directions: (1) the translation 
and interpretation of many mathematical cuneiform texts from Babylonia, (2) 
a deeper study of the relationship between the writings of Plato and the funda- 
mental concepts of Greek mathematics, and (3) a comparative analysis of vari- 
ous parts of Euclid's “Elements.” Two of the most striking results of this research 
are the discoveries of the Babylonian origin of the Greek tradition and the re- 
markable mathematical talents of Theatetus. Even those who are thoroughly 
acquainted with the older accounts of Greek mathematics will find this new 
presentation absorbing. 

The author is best known for his research and textbooks in modern mathe- 
matics but his scholarly work includes papers in the history of Greek and 
Babylonian science. His writing style is lively and enthusiastic. In Science 
Awakening his materials have been selected and organized with great care. In 
the short space of three hundred pages he has assembled a remarkably complete 
and stimulating introduction to the mathematical culture of ancient Egypt, 
Babylonia, and Greece. The absence of a bibliography somewhat mars the use- 
fulness of this book as a reference work. Throughout the text there are references 
to source material and to more extended treatments of various topics but these 
would be more accessible if they were assembled in one place. 

The arguments presented in Science Awakening do not make use of any mathe- 
matical facts beyond those of high school geometry and algebra. For the fullest 
appreciation of the chapter on the Alexandrian era, however, an acquaintance 
with analytic geometry and elementary calculus is advisable for two reasons. On 
the one hand, the mathematical techniques of Archimedes and Appolonius 
brought them to the threshold of these subjects and, on the other, the additional 
mathematical experience gained in these more advanced subjects makes reading 
the proofs much easier. The arguments are given with a certain amount of mod- 
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ernization so as to remove any unnecessary barriers to rapid understanding and 
yet the flavor of the original work is preserved. 
Rogpert E. MacKenzie 
Indiana University 
Bloomington, Indiana 


DIFFERENTIAL AND INTEGRAL CALCULUS, by Harold Maile Bacon, Ph.D., Pro- 
fessor of Mathematics, Stanford University. Cloth. Pages vii+547. 1623.5 cm. 
Second Edition. McGraw-Hill Book Co., Inc., 330 West 42nd St., New York 
36, N. Y. 1955. Price $6.00. 


This is the second edition of a standard first year text. The first edition was re- 
viewed in Scnoo. Science AND Matuematics, Vol. 43, page 599 (June, 1943). 
This reviewer has always held the first edition in high regard; it seemed to come 
nearer to reproducing what an experienced teacher might say to his classes than 
almost any other text. Hence it is with regret that some features of the first edi- 
tion have been dropped, for example, the section on applications of the concept 
of curvature and again, material on page 344 of the first edition which showed 
the equivalence, except for a constant, of two integration formulas. However, 
certain features which are retained continue to be outstandingly valuable. These 
would include examples on pages 86-87 which illustrate the fact that the mathe- 
matical maximum may not satisfy the conditions of the problem, and that there 
may be a maximum without the derivative being zero. In the same connection, 
the alternative method of attacking maximum and minimum problems (Section 
38) where we require a relationship between variables, rather than an actual 
numerical value, is very well handled. On page 110 a footnote explains why we 
use the notation arcsin x; on page 113 the author very wisely points out that we 
could select other branches of the curve as the principal branch, we merely make 
the choice which proves most convenient. In the discussion of integration by 
parts this reviewer likes the “alternative method” which is presented; likewise 
the author’s explanation of why the arbitrary constant was not needed when 
finding from dv. 

Problem lists seem ample in length, in general, answers are provided for odd 
numbered examples. The inclusion of a few numerical tables would be appre- 
ciated by some instructors. This is a good text. 

Cecit B. Reap 
University of Wichita 


Triconometry, by Roy Dubisch, Associate Pasfessor of Mathematics, Fresno 
State College. Cloth. Pages xiv+ 396. 14.521 cm. The Ronald Press Company, 
New York, N. Y. 1955. Price $5.00. 


The author in his preface points to criticism of the traditional course in 
trigonometry, with its overemphasis on triangle solution and angles. Certainly 
this text is a distinct and refreshing innovation. In fact, this reviewer wonders 
whether it may not be so radical a departure from traditional texts that teachers 
may fear to attempt its use. At least the book merits careful consideration before 
it is rejected. 

It may be well to consider first some of the unusual features. At least one 
which is immediately noted is the fact that for all practical purposes angles are 
not mentioned before Chapter 8 (page 153). But, how does one teach trigonome- 
try without using angles? The trigonometric functions are featured as functions 
of real numbers, which necessitates an introductory treatment of the function 
concept--defined as a rule of correspondence between two sets of objects. A 
striking innovation is the use of a cardboard protractor, known as an “arc length 
protractor” and the introduction of the “are length function” by which an or- 
dered pair of real numbers are associated with any real number. By use of this 
function, the sine and cosine functions are defined. Since these are functions of 
numbers, we encounter “the double and half number identities’ rather than 
double angle formulas. Similarly, we find that arc sin (x) means “‘a number whose 
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sine is x.’ In Chapter 11 we find a complex number defined as an ordered pair of 
numbers (r, 6). With the solution of triangles playing a minor role, it is not 
surprising to find the treatment of the law of tangents and the half angle for- 
mulas, as they relate to solving triangles, relegated to the appendix. Perhaps 
enough has been indicated to show in part where the emphasis is placed. 

Whether or not one is pleased with the change in emphasis, as contrasted with 
that of the traditional text, one cannot help but be favorably impressed with 
certain features which are often weak spots in a text. There is no confusion in 
the definition of the mantissa of a logarithm; the treatment of significant figures 
seems sufficiently rigorous for the purpose of the text (it might have been pointed 
out on page 268 that the “even number” rule in rounding off is a purely arbitrary 
assumption); it is clearly pointed out that there is not general agreement as to 
the principal inverse functions, and exercises discuss alternative definitions. in 
the discussion of identities it is emphasized that there is a restriction that the 
variables are in the domain of the functions in question, thus avoiding undefined 
expressions. There are many problems taken from later mathematics, engineering, 
and scientific work; certain problems, indicated by an asterisk, are either of a 
more difficult nature, or make references to articles in journals or books. The 
better student who attempts any appreciable number of these will become famil- 
iar with at least a part of his school’s mathematical library. 

A few features, mostly of a minor nature, did not appeal to the reviewer. It 
seems there is an excessive number of footnotes; the type in the tables seems 
unduly small; taking r=3 along the x-axis (pages 83-84) produces only slight 
distortion, it is true, but one wonders if one loses more than is gained (at least 
the author points out what has been done, which is more than is often the case). 
On page 253 it is doubtful if a five place table justifies using angles to the nearest 
second. On page 25, Exercise 3 implies that in biblical times the value x=3 was 
used; a reading of the versus in question “. . . it was round . . .”’ does not neces- 
sarily imply circular. 

In most places the number of exercises seems ample; answers are provided to 
odd numbered exercises, and a separate pamphlet gives answers to even num- 
bered exercises. 

The teacher who wishes to emphasize triangle solution will find this text en- 
tirely unsuitable; the teacher who feels that too much of trigonometry has been 
numerical, rather than analytical, will wish to give this book very serious con- 
sideration. The student who has previously had some work in trigonometry will 
hardly recognize any similarity to what he has previously studied, at least for 
the first few chapters of this text. To this reviewer, the text seems a distinct im- 
provement over the majority of texts now available, at least for the student who 
plans to continue his studies in mathematics. 
Ceci B. Reap 


MATHEMATICS IN Type, by The William Byrd Press. Paper. Pages xii+-58. 16 24 
cm. 1954. The William Byrd Press, Inc., 1407 Sherwood Ave., Richmond, Va. 
Price $3.00. (Fifty per cent discount to educational institution staff members.) 


As Mathematics Editor of ScHoor Science AND MATHEMATICS, this reviewer 
has seen so many manuscripts submitted in a form almost entirely unsuitable for 
sending to the printer that he welcomes this booklet. The booklet is concerned 
primarily with material of somewhat advanced mathematics, and the problems 
involved from the printer’s viewpoint. At the same time a large part of the ma- 
terial is also applicable to manuscripts covering mathematics of a more elemen- 
tary nature. 

The first portion of the book describes the methods of composing printed copy, 
and hence gives reasons why certain standards are almost essential from the 
point of view of economic printing of the material. The section of perhaps great- 
est interest to the one preparing the manuscript deals with setting and spacing. 
By comparing mathematical symbols to forms of speech (for example, +, —, 
and = are verbs and conjunctions; letter and figure symbols generally represent 
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nouns) there are obvious reasons for certain basic spacing rules. Another section, 
of perhaps equal importance, relates to preparing and marking the manuscript. 
The last portion of the book displays a list of available figures, alphabets, and 
symbols available without the necessity for special manufacturing. 

Certainly this booklet should be in the hands of any one who is preparing any 
appreciable amount of mathematical copy for the printer. It would be a valuable 
addition to any university library. In many cases style form standards for thesis 
writing are very vague with reference to the preparation of mathematical ma- 
terial. Even though the particular thesis is not being prepared for the printer, the 
material in this booklet will give answers to questions not found in a manual pre- 
pared for general use. 

Ceci B. Reap 


CoLLece CHEMIstTRY, Second Edition, by Linus Pauling, Professor of Chemistry, 
California Institute of Technology. Cloth. Pages xii+685. 1523.5 cm. 1955. 
W. H. Freeman and Co., San Francisco, California. Price $6.00. 


This is a revision of a text that had previously been well received. 

The first observable difference is a change in the general organization of the 
book; chapters have been grouped into natural units or parts. The groupings are 
as follows: 

Part One: An introduction to chemistry. 

Part Two: Some aspects of chemical theory. 

Part Three: Some non-metallic elements and their compounds. 

Part Four: Water, solutions, and chemical equilibrium. 

Part Five: Metals, alloys and the compounds of metals. 

Part Six: Organic chemistry, biochemistry and nuclear chemistry. 

As in the first edition emphasis is given to the atomic and molecular structure 
of matter and the properties of substances are explained in terms of this structure. 
More space is given to the subject of organic chemistry. The arrangement is 
logical and explanations are clearly stated, the paper, print and illustrations are 
very good. The total number of pages were reduced from 715 to 697. There are 
over 200 welt selected illustrations. 

Any college instructor considering the adopting of a new text for beginning 
students in chemistry should give serious consideration to College Chemistry 
by Pauling. 

GERALD OSBORN 
Western Michigan College 
Kalamazoo, Michigan 


University Puysics, Second Edition, by Francis Weston Sears, Massachusetts 
Institute of Technology, and Mark W. Zeemansky, The City College of New 
York. Cloth. Pages viiit+-1031. 1523 cm. 1955. Addison-Wesley Publishing 
Company, Inc., Cambridge 42, Mass. List Price $10.00. College Adoption 
Price $8.50. 


During the past five years, Sears’ and Zemansky’s University Physics has be- 
come recognized as an outstanding textbook for students of science and engineer- 
ing. The section on mechanics is particularly well developed and is lucid and ac- 
curate in interpretation of the fundamental concepts of physlics. The treatment of 
electricity deserves special mention as well. It is rare that the fundamental ideas 
of electricity are presented on the elementary level in the proper, logical and 
fundamental way. In fact, no part of the book can be criticized for lack of ac- 
curacy or clarity. This is chiefly owing to the fact that the author’s emphasis 
throughout is on the understanding of basic principles. 

The second edition of this popular book is now available and contains a num- 
ber of additions and revisions which probably have come as suggestions from 
numerous instructors. The outstanding qualities of the first edition remain with 
no changes. Some diagrams have been redrawn, numerous problems are worked 
out in the text, and a certain amount of new material has been added. Among 
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the new topics, the more important ones are: convection, surface tension and 
kinetic theory of gases (the latter being still somewhat brief). The discussion of 
Ampere’s Law, mirror and lens formulas, and polarization have been extended. 
An outstanding feature of the second edition, as of the first edition, is the set 
of problems. A completely new set of problems has been incorporated and the 
old set reprinted at the end of the book. The problems for the most part are 
original and challenging to a degree rarely found in the average text, and are 
most effective as a test of the students’ understanding of the fundamentals. 
A student interested in mastering the ideas of physics and who has the knowl- 
edge of a little calculus will not find a book more useful to this end. 
ROGER WILKINSON 
Indiana University 
Bloomington, Indiana 


MatHematics—A Turrp Course, by Myron F. Rosskopf, Associate Professor of 
Mathematics Education, Teachers College, Columbia University, Harold D. 
Aten, Oakland, California, and William D. Reeve, Professor Emeritus of 
Mathematics, Teachers College, Columbia University. Cloth. Pages iii+438. 
1521.5 cm. 1955. McGraw-Hill Book Co., Inc., 330 West 42nd St., New 
York 36, N.Y. Price $3.48. 


This book covers three phases of mathematics—algebra, trigonometry, and 
analytic geometry. It gives a complete coverage of algebra, considerable amount 
of trigonometry and introduces very nicely analytic geometry. Advanced mathe- 
matics students will find a challenge in this text. 

Good work is done in explaining the theory. Enough problems from simple to 
more complex are given. The chapter on approximations is very good and is well 
written. 

There are a few places that could be explained in a better manner, and a few 
places which will challenge a good teacher for further explanation. For example, 
on page 191 it is stated, “24 10’ is a four significant digit figure,” but on page 268 
this statement is found. “C 251.2. Since the angle is given to the nearest 10 min- 
utes, C should have three significant digits.” This might be confusing to a stu-. 
dent, but herein lies the challenge for good teaching. In a few other places, state- 
ments were made, which taken within themselves, might be questionable. But, 
here again, a good teacher could take these points and go ahead with exceptions 
and challenge the class to more profound thinking. 

This book, if taught correctly, would produce mathematics students who 
should not have trouble in taking college mathematics. 

A. Pryce Noe 


University School 
Bloomington, Indiana 


Atoms, TopAy AND Tomorrow, by Margaret O. Hyde. Eighty-three diagrams 
and line drawings by Clifford N. Geary. 144 pages. 14.021.0 cm. 1955. 
Whittlesey House, McGraw-Hill Book Company, Inc., 330 West 42nd Street, 
New York 36, N.Y. Price $2.50. 


This is the seventh book on “‘Atoms”’ to pass over this sampler’s desk for review 
since 1948. It is, however, the only one of the seven beamed toward teen age 
readers. 

Starting with the “Geiger counter prospector” this story of the “Atoms,” ‘hat 
are energy producers, is followed to their discard as “reactor ashes.’”” Bombs take 
a side-seat in the performance with the less spectacular, though possibly even 
more potent, peace-time services at the stage center. 

The twelve chapter titles are: Prospecting with Geiger counters; What is 
atomic energy?; Atom smashing; The pile; Uranium “classified”; Radio-activity 
hazard; Doctor and atoms; Atomic farming; Atoms in overalls; Electricity from 
atoms; Atomic travel and Atoms in your future. 
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Stress is upon civic assets. This approach is initiated by reference to President 
Eisenhower’s proposal of “cooperation in the peaceful use of atomic energy”’ to 
the United Nations Assembly and is faithfully followed in the chapters there- 
after. 

Mrs. Hyde carries her reader into the narrative by an informal, almost conver- 
sational, sharing of the experiences related. Whether listening to the click of the 
Geiger counter with the prospector or breathlessly watching as Dr. Fermi directs 
the cadmium rod withdrawal at the Chicago “squash court’ pile the reader gets 
information and motivated experience by vicarious participation. This desirable 
reader response is facilitated by concise anecdotal narrative, expressed in short 
sentences, with sparse use of specialized vocabulary, packaged in short chapters 
and furthered by illuminative and informative diagrams and line drawings. Even 
though tempted by almost infinite magnitudes, the author has used commendable 
restraint in the number of superlatives permitted to parade through the exposi- 
tion. Even so, the critical specialist will probably “lift his eyebrows” over the ap- 
pearance of the adjectives: wonderful, famous, fascinating, amazing, mysterious 
and exciting. Let it be said the word “magic” did not get in. 

While Mrs. Hyde is, in no sense, an authority in this field, her roster of con- 
sultants impresses one with confidence in her sources for the facts of her book. 
Her background of previous institutional connections also bolsters that estimate. 

There is a “Glossary of atomic language’’ and an index. Both, however, are 
disappointingly brief. There is no book list to encourage further reading. That 
may be due to the fact that such books for teen agers are few. Since that may be 
the case all the more reason that this volume should be in every high school 
library and upon the desk of every forward-looking teacher. 

B. Ciirrorp HENDRICKS 
Longview, Washington 


THOSE ATOMIC SECRETS DISCOVERED BY MOST NATIONS 


In a half dozen fields the scientists of various nations meeting at the Inter- 
national Conference on Peaceful Uses of Atomic Energy have confirmed what 
most of them suspected: 

Their hard-won secrets, jealously guarded, have been discovered by other 
nations through the brains and scientific sweat of their scientists. Specifically: 

The ability of the fissionable or atomic power producing elements to capture 
neutrons, their cross-section, as determined in the United States, Britain, 
Russia, France and Norway agree so closely that differences can not be detected 
on a diagram. This fundamental information about plutonium, uranium 235 and 
233, was closely guarded heretofore. Necessary for making bombs and reactors 
alike, the world has been given this information which each national group was 
hiding. 

The separation of the metals zirconium and hafnium was reported by six 
processes in about as many nations, all unannounced heretofore. While the 
United States is the only country with sizable commercial production of zirco- 
nium, other localities will be able to produce this metal which is useful in coating 
the fuel in atomic reactors. 

When medical experts of the USSR compared their radiation safety practices 
with those of the western block, the same figures for safe exposure of workers in 
atomic industry plants appeared, about 50 milliroentgens per day being safe. 
The Russians like to set their controls daily while the U. S. and United Kingdom 
prefer to use 300 milliroentgens a week as the figure after which the worker is 
given an enforced vacation for his own protection. There is no agreement on 
what lifetime dose is dangerous. 

There was agreement there is danger of influencing unborn generations 
through genetic changes produced by very low levels of radiation, but the extent 
of such danger is not agreed upon by experts of different nations or even of the 
same nation. 
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PROPOSED AMENDMENTS TO THE BY-LAWS OF 
THE CENTRAL ASSOCIATION OF SCIENCE 
AND MATHEMATICS TEACHERS 


The following proposed amendments to the By-Laws of the 
Central Association of Science and Mathematics Teachers will be 
brought before the membership for vote at its annual business meet- 
ing to be held in Detroit, Michigan, November, 1955. To assist the 
members in studying the proposed revisions, each section of the By- 
Laws under consideration is printed in full in the left column as it 
will read if the proposed amendment, appearing in italics, is voted. 
The present wording of the portion of the section to be amended ap- 
pears in a parallel position at the right. 


PROPOSED AMENDMENTS PRESENT WORDING 
PROPOSED ARTICLE I—SECTION III. 


TERMINATION OF MEMBERSHIP: 

The membership of any member of the Associ- 

ation shall be automatically terminated for 

any delinquency of dues, or other charges ow- 

ing to the Association, continued for a period 

of six months. Any member of the Association Any member of the Associa- 
may be expelled for any reason deemed sufficient tion may be expelled for any 
by the Board of Directors by a two-thirds affirma- reason deemed sufficient by the 
tive vote of all those present at any meeting of Board of Directors by a two- 
the Board of Directors, or by a two-thirds thirds affirmative vote of all 
affirmative vote of all the members present atany those present at any meeting 
meeting of the Association. But no vote of of the Directors or the members 
expulsion may be taken unless written notice of the Association. 

shall have been given not less than 

thirty days prior to the date for said meeting 

to the member proposed to be expelled, which 

said notice shaJl advise said member of the 

time and place of said meeting and the reasons 

for which expulsion is proposed. Like notice 

shall be given to all other members of the 

Association. It shall be the privilege of the 

member proposed to be expelled to appear and 

be heard by the members at the meeting at 

which a vote is to be taken on the question of 

expulsion. 


PROPOSED ARTICLE II—SECTION I. 


TIME OF MEETING: (a) ANNUAL 

MEETINGS: 

The annual business meeting shall be held on the The annual meetings shall be 

second day of the annual convention as set by held on the second day after 

the Board of Directors. the last Thursday in Novem- 
ber of each year. 


PROPOSED ARTICLE I1I—SECTION 1. 


OFFICERS: 
The officers of this Association shall be a 
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President, a Vice-President, a Secretary, a 
Treasurer and Business Manager, an Editor 
of the Journal, and an Historian. One or more 
Assistant Secretaries, Assistant Editors, and 
Assistant Treasurers may be appointed by the 
Board of Directors. 


PROPOSED ARTICLE III—SECTION II]. 


ELECTION, TENURE OF OFFICE, COM- 
PENSATION: 

The President and Vice-President shall be 
elected by the members of the Association 
at the annual meeting and shall serve for a 
term of one year or until their successors 
are elected. The Treasurer and Business Man- 
ager, Editor of the Journal, and Secretary- 
Historian shall be appointed for a term of three 
years by the Board of Directors at a meeting to 
be held following the annual meeting of the A ssoci- 
ation, or at the Spring meeting of the Board of 
Directors. The Secretary-Historian shall take 
office immediately following appointment. The 
Treasurer and Business Manager, and Editor 
of the Journal shall take office at the beginning 
of the fiscal year following their appointment. 
They may be reappointed. The compensation 
of the officers, if any, shall be fixed by the 
Board of Directors. 


PROPOSED ARTICLE III—SECTION IV, 


(d) TREASURER AND BUSINESS MAN- 
AGER: 

The Treasurer and Business Manager shall 
collect all dues and hold all moneys and keep 
a record of all receipts and disbursements. He 
shall give a report at the annual meeting of the 
Association. He shall pay out funds on the 
order of the Board of Directors and the Execu- 
tive Committee. 


(Amend to delete the final sentence appearing 
at the right.) 
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One or more Assistant Secre- 
taries and Assistant Treas- 
urers may be appointed by the 
President. 


The Treasurer and Business 
Manager, Editor of the Jour- 
nal, Historian, and Secretary 
shall be appointed by the Board 
of Directors at a meeting to 
be held following the annual 
meeting of the Association, 
and shall serve for a term of 
three years. Their terms may 
be renewable. 


He shall also act as Business 
Manager of the Journal. 


ISAAK WALTONS NEED BULBS IN BAIT BOX 


Fishermen will be taking along electric light bulbs for bait soon. 
Norwegian technicians have devised a metal container with four windows 
through which an electric light shines. Lowered into the water, the light attracts 


fish to swim close to the apparatus. 


The lower part of the container, lying in darkness, is equipped with hooks. 
When the gear is jerked upward, the dazzled fish are caught, theoretically any- 


way. 


This is one of several uses for the “light ray fishing sinker” says the U. S. Fish 
and Wildlife Service, reviewing a report of the apparatus from the Norwegian 


Fishing News. 


In trawling, several of the light ray sinkers are placed on a special hoop set 
at the mouth of the trawl net. The fish, attracted to the light, gather in front 
of the net, thus considerably increasing the catch. 
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DR. POTTER AND ASSOCIATES MAP THE CELL 


University of Wisconsin scientists are making a three dimensional map of 
the interior of a human body cell. 

Dr. Van R. Potter, speaking at the 128th annual meeting of the American 
Chemical Society in Minneapolis, told how this mapping furthers the under- 
standing of the mechanisms involved in the production of nucleic acids—end 
products of the metabolic processes by which body cells transform food into 
energy and new cells. 

It also sheds light on where some of the metabolic products go, charting the 
progress of incoming molecules along the pathways they take and thus providing 
cell chemists with a better geographical orientation, he explained. 

The understanding of metabolism and cell growth is basic research toward 
learning what makes cells run rampant in degenerative diseases like cancer. 

In the past two years Dr. Potter and his associates, Dr. Liselotte Hecht and Dr. 
Edward Herbert, have duplicated in cell-free systems (those which contain no 
intact whole cells) some of the chemical events that have been shown to occur in 
cells of living animals during the production of nucleic acid. 

Dr. Potter, who is professor of oncology at UW, described experiments in 
which cells were broken open and their contents rated into components. The 
solid particles included the nucleus, responsible for the precise mechanism of 
cell-division; the mitochondria, large thread-like granular particles, which gen- 
erate the main power supply of the cell; and the microsomes, small bodies which 
now appear to be a center of protein and nucleic acid formation. 

Dr. Potter said that it seems likely that the nucleus is a second center of pro- 
tein and nucleic acid formation and that in some respects the two centers are 
competitive while in other respects they are cooperative in action. 

The Wisconsin scientist told how molecules like orotic acid, known to be used in 
forming parts of the nucleic acid preducts, were labelled with radioactive carbon 
atoms and added to various combinations of cell parts. It was shown that none 
of the cell parts could incorporate the acid alone, but various combinations of 
cell parts could do the job together. 


SCIENTISTS STUDY SUBSTANCE 300 TIMES SWEET AS SUGAR 


Sweethearts of the next generation may be telling each other they are “sweet 
as stevioside.”’ For that crystalline chemical from the leaves of a wild Paraguayan 
shrub has been found to be 300 times sweeter than the usual standard of lovers, 
table sugar. 

In the meantime, however, unromantic scientists of the National Institute of 
Arthritis and Metabolic Diseases are subjecting this super-sweet compound to 
a series of tests to learn its chemical structure and to discover any practical ap- 
plications for it. 

Dr. Hewitt G. Fletcher Jr., of the National Institutes of Health, reports that 
stevioside is made up of very large molecules containing only three ingredients, 
carbon, hydrogen and oxygen. Included in each large molecule are three sub- 
molecules of glucose, the common cane sugar. 

Stevioside does not have the bitter after-taste of saccharin and it apparently 
causes no ill effects on experimental animals who receive it as food. For the diet- 
conscious, stevioside seems to have little or no food value. 

Source of stevioside is a small shrub, Stevia rebaudiana, that grows wild in 
Paraguay and a few near-by areas in Argentina and Brazil. It was seriously con- 
sidered as a sugar substitute in England during World War II. Difficulty in cul- 
tivating the plant and cheaper costs of saccharin, however, have kept stevioside 
a mere curiosity up to now. 

Dr. Fletcher holds out hopes that stevioside may find eventual use in medic- 
Cah = in e+ synthesis. His report appeared in the journal, Chemurgic Digest 

uly—Aug.). 


WORLD POPULATION BOOMS 


The world’s population is booming. Since the beginning of World War II it 
has grown by almost one-third billion and now exceeds two and one-half billion. 
Put it down to more babies and fewer deaths. 

A new record low death rate has been set by American wage earners and their 
families. For the first six months of 1955 it was the lowest in the nation’s history. 

Even for heart, blood vessel and kidney disorders, the death rate among the 
wage-earner group was below last year’s, 344.9 per 100,000 compared with 347.1. 

These birth and death figures come from Metropolitan Life Insurance Com- 
pany statisticians. For their millions of industrial policyholders the death rate 
for the first six months of 1955 was 644.4 per 100,000 insured compared with the 
previous low of 652.1 set last year. 

The death toll from cancers in the insured group stayed at last year’s level, 
about 129 per 100,000. 

Birth rates in Europe, Japan and the Philippines have fallen to or below pre- 
World War II levels except for France and Norway. In the United States and 
other English-speaking countries outside Europe, notably Canada, Australia and 
New Zealand, the birth rates have stayed a third or more above the prewar 
levels. 

Less well-developed areas of the world continue to have high birth rates. 

In the United States the margin of births over deaths has given a population 
increase at a rate of about one and one-half percent a year. The rate of increase 
has been even greater in many countries in Asia and Latin America. These coun- 
tries, the statisticians point out, have potentialities of rapid population growth 
for many years to come. 
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